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The  Reader  is  requeued  to  com  ft  the  following 
ERRATA. 

Vat.  VI.  Page  I17,  line  la  ft, /cr  electrometer,  read 

eleCtrophorus. 

— — 128,  — — 1 from  bottom  for  repre-- 

fent,  read  representing. 
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INTRODUCTION. 

yjrf  * ’ 


early  Hiflory  of  Electricity. 

i * ’ 

Tutor.  If  I rub  pretty  brifkly 
with  my  hand  this  ftick  of  fealing 
wax,  and  then  hold  it  near  any  fmall 
light  fubftances  as  little  pieces  of 
paper,  the  wax  will  attract  them ; 
that  is,  if  the  wax  be  held  within  an 
inch  or  more  of  the  paper,  they  will 
jump  up  and  adhere  to  it. 

Charles.  They  do,  and  I think  I 
have  heard  you  call  this  the  effects 
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2 ELECTRICITY. 

of  eleCiricity,  but  I do  not  know 
what  electricity  is. 

Tutor.  It  is  the  cafe  with  this 
part  of  fcience  as  with  many  others, 
we  know  it  only  by  the  effects  which 
it  produces.  As  I have  not  hitherto, 
in  thefe  converfations,  attempted  to 
bewilder  your  minds  with  ufelefs 
theories,  neither  fhall  I,  in  the  pre- 
lent cafe,  attempt  to  fay  what  the 
electrical  fluid  is : its  aCtion  is  well 
known  ; it  feems  diffufed  over  every 
portion  of  matter  with  which  we  are 
acquainted,  and  by  the  ufe  of  proper 
methods,  it  is  as  eafily  collected  from 
furrounding  bodies  as  water  is  taken 
from  a river. 

James.  I fee  no  fluid  attaching 
to  the  fealing  wax  when  you  have 
rubbed  it- 
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Tutor . You  do  not  fee  the  air 
which  you  breathe,  and  with  which 
you  are  furrounded,  yet  we  have 
fliown  you*  that  it  is  a fluid,  and 
may  be  taken  from  any  vefiel,  as 
certainly,  though  not  with  fo  much 
eafe,  as  water  may  be  poured  from 
this  glafs.  With  the  exercifc  of  a 
fmall  degree  of  patience,  you  fliall 
fee  fuch  experiments  as  will  not  fail 
to  convince  you  that  there  is  as 
certainly  a fluid,  which  is  called  the 
ele&ric  fluid,  as  there  are  fuch  fluids 
as  water  and  air. 

Charles.  Water  mull  have  been 
known  flnce  the  creation,  and  the 
exiflence  of  the  air  could  not  long 
remain  a fecret,  but  who  difcovered 

* See  Vol.  iv. 
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the  electric  fluid,  which  is  not  at  all 
evident  to  the  fenfe  either  of  fight 
or  feeling  ? 

Tutor.  Thales,  who  lived  fix  cen- 
turies before  the  Chriftian  ?era,  was 
the  firft  who  obferved  the  electrical 
properties  of  amber,  and  he  was  so 
ftruck  with  the  appearances,  that  he 
fuppofed  it  to  be  animated  : 

Dn  * .'i  . - . . . tr.t:,: : / ; • • . ‘i  ••■  h 

Bright  amber  (hines  on  his  electric  throne. 
And  adds  ethereal  luftre  to  his  own. 

-p, 

Darwin. 

1 ♦ 'U  “ (!■  ■ ;i.i 

% 

James.  Does  amber  attract  light 
bodies  like  fealing  wax? 

Tutor.  Yes,  it  does  j and  there 
are  many  other  fubftances,  as  well  as 
thefe,  that  have  the  fame  power.  Af- 
ter Thales,  the  firft  perfon  we  read 
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of  that  noticed  this  fubjeCt  was  Theo- 
phraftus,  who  difcovered  that  tour - 
malin  has  the  power  of  attracting 
light  bodies.  It  does  not,  however, 
appear,  that  the  fubjeCt,  though 
very  curious,  excited  much  atten- 
tion till  about  200  years  ago,  when 
Dr.  Gilbert,  an  Englifh  phyfician, 
examined  a great  variety  of  fub- 
ftances,  with  a view  of  afcertaining 
how  far  they  might  or  might  not  be 
ranked  among  ele&rics . 

C harks.  What  is  meant  by  an 
eleftric  ? 

Tutor.  Any  fubftance  being  ex- 
cited or  rubbed  by  the  hand,  or  by 
a woollen  cloth,  or  other  means,  and 
has  the  power  of  attracting  light 
bodies,  is  called  an  deElric . 
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6 ELECTRICITY. 

James.  Is  not  electricity  accom- 
panied with  a peculiar  kind  of  light, 
and  with  fparks  ? 

Tutor.  It  is,  of  which  we  fhall 
fpeak  more  at  large  hereafter:  the 
celebrated  Mr.  Boyle  is  fuppofed  to 
have  been  one  of  the  firft  perfons 
who  got  a glimpfe  of  the  ele&cical 
light,  or  who  feems  to  have  noticed 
it,  by  rubbing  a diamond  in  the 
dark.  But  he  little  imagined,  at 
that  time,  what  aftonifliing  effedts 
would  afterwards  be  produced  by  the 
fame  power.  Sir  Ifaac  Newton  was 
the  firft  who  obferved  that  excited 
glafs  attracted  light  bodies  on  the  fide 
oppofite  to  that  on  which  it  was 
rubbed. 

Charles.  How  did  he  make  the 
difeovery  ? 
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Tutor.  Having  laid  upon  the  ta- 
ble a round  piece  of  glafs,  about  two 
inches  broad,  in  a brafs  ring,  by 
which  it  was  raifed  from  the  table 
about  the  eighth  of  an  inch,  and 
then  rubbing  the  glafs,  lbme  little 
bits  of  paper  which  were  under  it 
were  attracted  by  it,  and  moved  very 
nimbly  to  and  from  the  glafs. 

Charles.  I remember  Handing  by 
a glazier  when  he  was  cementing, 
that  is,  rubbing  over  fome  window- 
lights  with  oil,  and  cleaning  it  off 
with  a Hiff  brufh  and  whiting,  and 
the  little  pieces  of  whiting  under  the 
glafs,  kept  continually  leaping  up 
and  down,  as  the  brufh  moved  over 
the  glafs. 

Tutor.  That  was,  undoubtedly, 
an  electrical  appearance,  but  I do 
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not  remember  having  ever  feen  it 
noticed  by  any  writer  on  eledtricity. 
A complete  hiftory  of  this  fcjeiice  is 
given  by  Dr.  Prieftley,  which  will, 
hereafter,  afford  you  much  enter- 
tainment and  interefting  inftru&ion. 
To-morrow  we  fhall  enter  into  the 
practical  part  of  the  fubjedt ; and  I 
doubt  not  that  the  experiments  in 
this  part  of  fcieuce  will  be  as  in- 
terefting as  thofe  in  any  other  which 
you  have  been  ftudying.  The  electric 
light,  exhibited  in  different  forms; 
the  various  figns  of  attraction  and 
repulfion  acting  on  all  bodies  ; the 
electric  fliock,  and  the  explofion  of 
the  battery,  will  give  you  pleafure, 
and  excite  your  admiration.  • 


CONVERSATION  II 


Of  Electric  Attraction  and  Rcpuljion: 
of  Electrics  and  Conductors. 

• »****»  • ''j:  II."  tl’  '»;* 

TUTOR.  You  muft  for  a little 
time,  that  is,  till  we  exhibit  before 
you  experiments  to  prove  it,  take  it 
for  granted  that  the  earth,  and  all 
bodies  with  which  we  are  acquainted, 
contain  a certain  quantity  of  exceed- 
ingly elaftic  and  penetrating  fluid, 
which  philofophers  call  the  ele6tric 
fluid. 
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Charles . You  fay  a certain  quan- 
tity ; is  it  limited  ? 

Tutor.  Like  other  bodies,  it  un- 
doubtedly has  its  limits ; this  glafs 
will  hold  a certain  quantity  of  water, 
but  if  I attempt  to  pour  into  it  more 
than  that  quantity,  a part  will  flow 
over.  So  it  is  with  the  eleCtric  fluid  : 
there  is  a certain  quantity  which  be- 
longs to  all  bodies,  and  this  is  called 
their  natural  quantity,  and  fo  long 
as  a body  contains  neither  more  nor 
lefs  than  this  quantity,  no  fenfible 
cffeCt  is  produced. 

James . Has  this  table  electricity 
in  it  ? 

Tutor.  Yes,  and  fo  has  the  ink- 
ftand,  and  every  thing  elfe  in  the 
room  ; and  if  I were  to  take  proper 
means  to  put  more  into  it  than  it 
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now  has,  and  you  were  to  put  your 
knuckle  to  it,  it  would  throw  it  out 
in  the  fhape  of  fparks. 

James.  I thou  Id  like  to  fee  this 
done. 

Charles.  But  what  would  happen 
if  you  Ihould  take  away  forne  of  it* 
natural  quantity  ? 

Tutor.  Why  then  if  you  prefen  ted 

any  part  of  your  body  to  the  table, 

as  your  knuckle,  a ipark  would  go 

from  von  to  the  table. 

•/ 

James.  But,  perhaps,  Charlesmight 
not  have  more  than  his  natural  fhare, 
and  in  that  cafe  he  could  not  fpare 
an  v. 

Tutor.  True  ; but  to  provide  for 
this,  the  earth  on  which  he  ftands 
would  lend  him  a little  to  make  up 
for  what  he  parted  with  to  the  table. 
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James.  This  mud  be  an  amufing 
ftudy ; I think  I fhall  like  it  better 
than  any  of  the  others. 

Tutor.  Take  care  that  you  do  not 
pay  for  the  amufement  before  we 
have  done. 

Here  is  a glafs  tube  about  eighteen 
inches  long,  and  perhaps  an  inch  or 
more  in  diameter ; I rub  it  up  and 
down  quickly  in  my  hand,  which  is 
dry  and  warm,  and  now  I will  pre- 
fent  it  to  thefe  fragments  of  paper, 
thread  and  gold-leaf:  you  fee  they 
all  move  to  it.  That  is  called  elec- 
trical attraction. 

Charles.  They  jump  back  again 
now,  and  now  they  return  to  the 
glafs. 

Tutor.  They  are,  in  fa&,  alter- 
nately attra&ed  and  repelled,  and 
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this  will  laft  feveral  minutes  if  the 
glals  be  ftrongly  excited.  I will 
rub  it  again,  prefent  your  knuckle 
to  it  in  feveral  parts  one  alter  an- 
other. : 

James.  What  is  that  fnapping? 
befide,  I feel  fomething  like  the 
pricking  of  a pin. 

Tutor.  The  fnapping  is  occa- 
fioned  by  little  fparks  which  come 
from  the  tube  to  your  knuckle,  and 
thel&give  the  fenfation  of  pain. 

Let  us  go  into  a dark  room,  and 
repeat  the  experiment. 

Charles.  The  fparks  are  evident 
enough  now,  but  I do  not  know 
where  they  can  come  from. 

Tutor.  The  air  and  every  thing 
is  full  of  the  fluid  which  appears  in 
the  lhape  of  fparks ; and  whatever 

a 
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be  the  caufe,  which  I do  not  at- 
tempt to  explain,  the  rubbing  of 
the  glafs  with  the  hand  collects  it 
from  the  air,  and  having  now  more 
than  its  natural  fhare,  it  parts  with 
it  to  you,  or  to  me,  or  to  any  body 
tlfe  that  may  be  near  enough  to 
receive  it. 

James.  Will  any  other  fubftance, 
befides  the  hand,  excite  the  tube  ? 

Tutor.  Yes,  many  others,  and 
thefe,  in  this  fcience,  are  called  the 
rubbers ; and  the  glafs  tube,  or  what- 
ever is  capable  of  being  thus  excited, 
is  called  the  electric. 

Charles.  Are  not  all  forts  of  folid 
fubftances  capable  of  being  excited  ? 

Tutor.  You  may  rub  this  poker, 
or  the  round  ruler  for  ever,  with- 
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out  obtaining  an  electric  ifpark  from 
them. 

James . But  you  faid  one  might 
get  a fpark  from  the  mahogany  table 
if  it  had  more  than  its  lhare. 

Tutor.  So  I fay  you  may  have 
fperks  from  the  poker  or  ruler  if  they 
poffefs  more  than  their  common 
ihare  of  the  eledtric  fluid. 

Charles.  How  do  you  diftinguifh 
between  bodies  that  can  be,  and  thofe 
that  cannot  be  excited  ? 

Tutor.  The  former , as  I have 
told  you,  are  called  eleclrics,  as  the 
glafs  tube ; the  latter,  fuch  as  the 
poker,  the  ruler,  your  body,  and  a 
thoufand  other  fubftances  are  deno- 
minated conduclors. 

Charles.  I fliould  be  glad  to 
know  the  reafon  of  the  diffmcHon, 
c 2 
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becaufe  I fhall  be  more  likely  to  re* 
member  it. 

Tutor.  That  is  right : when  you 
held  your  knuckle  to  the  glafs  tube, 
you  had  fcveral  fparks  from  the  dif- 
ferent parts  of  it : but  if  I,  by  any 
means,  overcharged  a conductor,  as 
this  poker,  all  the  ele&ricity  will 
come  away  at  a fmgle  fpark,  becaufe 
the  l'uperabundant  quantity  flows 
inftantaneoufly  from  every  part  to 
that  point  where  it  has  an  oppor- 
tunity of  getting  out.  I will  illuftrate 
this  by  an  experiment.  But  firft  of 
all  let  me  tell  you,  that  all  eledlrics 
are  called  alfo  non-conduHors. 

James.  Do  you  call  the  glafs  tube 
a non-condu8or  becaufe  it  does  not 
fuffer  the  eledlric  fluid  to  pafs  from 
one  part  of  it  to  another  ? 
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Tutor.  I do : — (ilk,  if  dry,  is  a 
non-conductor.  With  this  tkein  of 
fewing-filk  I hang  the  poker  or  other 
metal  fubftance  a (Plate  i.  Fig.  1.) 
to  a hook  in  the  cieling,  fo  as  to  be 
about  twelve  inches  from  it ; under- 
neath, and  near  the  extremity,  are 
fomc  finall  fubftances,  as  bits  of  pa- 
per, &c.  I will  excite  the  glafs  tube, 
and  prefent  it  to  the  upper  part  of 
the  jK>ker. 

Charles.  They  are  all  attracted ; 
but  now  you  take  away  the  glafs 
they  are  quiet. 

Tutor.  It  is  evident  that  the  elec- 
tric fluid  pafled  from  one  part  of  the 
tube  through  the  poker,  which  is  a 
conductor,  to  the  paper,  and  attraft- 
ed  it : — if  the  glafs  be  properly  ex- 

c 3 
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cited  you  may  take  fparks  from  the 
poker. 

James.  Would  not  the  fame  hap- 
pen if  another  glafs  tube  were  placed 
in  the  head  of  the  poker? 

Tutor.  You  (hall  try, — Now  I 
have  put  the  glafs  in  the  place  of  the 
poker,  but  let  me  excite  the  other 
tube  as  much  as  I will,  no  effeCt  can 
be  produced  on  the  paper : — there 
are  no  figns  of  electrical  attraction, 
which  fhows  that  the  eleCtric  fluid 
will  not  pafs  through  glafs. 

Charles.  What  would  have  hap- 
pened if  any  conducting  fubftance 
had  been  ufed,  inftead  of  filk,  to 
fufpend  the  iron  poker  ? 

Tutor.  If  I had  fufpended  the 
poker  with  a moiftened  hempen 
firing,  the  electric  fluid  would  have 
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all  palled  away  through  that,  and 
there  would  have  been  no  (or  very 
trifling)  appearances  of  electricity  at 
the  end  of  the  poker. 

You  may  vary  thefe  experiments 
till  you  make  yourfelves  perfect  with 
regard  to  the  diftinCtron  between 
eleCtrics  and  conductors.  Sealing- 
wax  is  an  eleCtric,  and  may  be  ex- 
cited as  well  as  a glafs  tube,  and  will 
produce  fimilar  eflfeCts.  I will  give 
you  a lift  o £ electrics,  and  another  of 
conductors,  difpofed  according  to  the 
order  of  their  perfection,  beginning 
in  each  lift  with  the  molt  perfeCt  of 
their  clafs  ; thus  glafs  is  a better  e/ec- 
trie  than  amber;  and  gold  a better 
conductor  than  filver : 


TABLE. 


Electrics. 

Glafs  of  all  kinds. 

All  precious  ftones,  the 
moft  tranfparent  the 
belt. 

Amber. 

Sulphur. 

All  r.cfinous  fubftances. 

Wax  of  all  kinds. 

Silk  and  Cotton. 

Dry  external  fubllances, 
as  feathers,  wool,  and 
hair. 

Paper : loaf  fugar. 

Air  when  quite  dry. 

Oils  and  metallic  ox- 
ides*. 

Alhcs  of  animal  and  ve- 
getable fubliances. 

Moft  hard  ftones. 


Conductors. 

All  the  metals  in  the  fol- 
lowing order 
Gold;  filver; 

Copper ; platina ; 

Brafs ; iron ; 

Tin ; quickfilver  ; 

Lead. 

The  femi-metals*. 

Metallic  ores*. 

Charcoal. 

The  fluids  of  an  animal 
body. 

Water,  efpecially  fait  wa- 
ter, and  other  fluids  ex- 
cept oil. 

Ice,  fnow. 

Moft  faline  fubftances. 
Earthy  fubftances. 

Smoke ; fleam,  and 
even 

A vacuum. 


* This,  and  other  chemical  terms,  will  be  explained 
and  familiarly  illuftrated  in  a work  now  preparing  for 
the  prefs,  by  the  author  of  the  Scientific  Dialogues, 
entitled,  Chemiftry  for  Children  and  Young  Perfons. 
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■ rtofniT  'vi  ■.-j.'fto;  r • ',i>  bad 

' . j! 

: ••  ‘ .j  : j Id  a or  . ii  gn  i!?r# 


0/  Elecki'ical  Machine, 

*•  .rr  . 0-9  li  o7  .•  ..ttav, 

TUTOR.  I will  now  explain  to 
you  the  conftruction  of  the  electrical 

w 

machine,  and  fliew  you  how  to  ufe 

it. 

Charles.  For  what  purpofe  is  it 
tiled? 

Tutor.  Soon  after  the  fubjeft  of  the 
eleitric  fluid  engaged  the  attention 
of  men  of  fcience,  they  began  to 
contrive  the  readieft  methods  of  col- 
lecting large  quantities  of  it.  By 


22 


ELECTHICITY. 


rubbing  this  (tick  of  fealing-wax  I 
can  collect  a fmall  portion  ; if  I ex- 
cite or  rub  the  glafs  tube,  I get  ftill 
more.  The  object,  therefore,  was,  to 
find  out  a machine  by  which  the 
largeft  quantities  can  be  collected, 
with  as  little  trouble  and  expence  as 
may  be. 

James.  You  get  more  ele&ricity 
from  the  tube  than  from  the  fealing- 
wax,  becaufe  it  is  five  or  fix  times  as 
large ; by  en creating  the  fize  of  the 
tube  you  would  encreafe  the  quan- 
tity of  the  electric  fluid  I fhould 
think. 

Tutor.  That  is  a natural  conclu- 
fion.  But  if  you  look  to  the  table 
of  ele&rics  whic  h I made  out  yefter- 
day,  you  will  fee  that  had  the  wax 
been  as  large  as  the  glafs  tube,  it 
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would  not  have  collcdled  lb  much  of 
the  eledlric  fluid,  becaufe,  in  its 
own  nature,  it  is  not  fo  good  an 
ele&ric. 

Charles.  By  the  table,  giafs 
Bands  as  the  moll  perfect  eledhic, 
but  there  are  fevcral  fubftances  be- 
tween it  and  wax,  all  of  which  are, 

I believe,  more  perfect  eleblrics  than 
wax. 

Tutor.  They  are  ; ele<5trician,s, 
therefore,  had  no  hefitation  as  to  the 
nature  of  the  fubftance : thev  fixed 
on  giafs,  which  being  eafiiy  melted 
and  run,  or  blown  into  all  forts  of 
forms,  is,  on  that  account,  very  va- 
luable. 

The  1110ft  common  form  that  is 
now  u fed  is  that  of  a giafs  cylinder, 
from  five  or  fix  inches  in  diameter 
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to  ten  or  twelve.  Here  is  one  com- 
pletely fitted  up,  (Plate  i.  Pig.  2.) 
the  cylinder  a b is  about  eight  inches 
in  diameter,  and  twelve  in  length ; 
this  I turn  round  in  the  frame- work 
with  the  handle  d c. 

James.  What  is  the  piece  of  black 
filk  k for? 

Tutor.  The  cylinder  would  be  of 
no  ufe  without  a rubber  you  know  : 
on  which  account  you  fee  the  glafs 
pillar  r s,  which  being  cemented 
into  a piece  of  hard  wood,  is  made 
to  ferew  into  the  bottom  of  the  ma- 
chine; on  the  pillar  is  a cufhion,  to 
which  is  attached  the  piece  of  black 
filk. 

Charles.  And  I perceive  the 
cufhion  is  made  to  prefs  very  hard 
againft  the  glafs. 
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Tutor.  This  preffure,  when  the 
cylinder  is  turned  round  faft,  ads 
precifely  like  the  rubbing  of  the  tube 
by  the  hand,  though  in  a ftill  more 
perfed  manner.  I will  turn  it  round. 

James.  Here  is  not  much  fjgn  of 
ele&ricity  yet. 

Tutor.  No  : the  machine  is  com- 
plete, but  it  has  no  means  of  col- 
leding  the  fluid  from  the  furround- 
ing  bodies:  for  you  fee  the  culhion 
or  rubber  is  fixed  on  a glafs  pillar, 
and  glafs  will  not  con  dud  the  electric 
fluid. 

('harlcs.  Ncverthclefs  it  does,  by 
turning  round,  {how  fome  figns  of 
attradion. 

Tutor.  Every  body  in  nature  with 
which  we  are  acquainted  pofiefles  a 
portio/i  of  this  fluid,  and  therefore 
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the  fijrns  which  are  now  evident 
arife  from  the  fmall  quantity  which 
exifts  in  the  rubber  itfelf,  and  the 
atmofphere  that  immediately  fur- 
rounds  the  machine. 

Charles.  Would  the  cafe  be  dif- 
ferent if  the  rubber  were  fixed  on 
a conducting  fubftance  inftead  of 
glafs  ? 

Tutor.  It  would ; but  there  is  a 
much  eafier  method  ; I will  hang  011 
this  brafs  chain  to  the  cushion  at  r, 
which  being  feveral  feet  long,  lies  on 
the  table,  or  on  the  floor,  and  this 
you  know  is  connected,  by  means  of 
other  objeCts,  with  the  earth,  which 
is  the  grand  refer  voir  of  the  eleCtric 
fluid.  Now  fee  the  effect  of  turning: 
round  the  cylinder  : but  I mult 
make  every  part  of  it  dry  and  rather 
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warm,  by  rubbing  it  with  a dry  warm 
cloth. 

James.  It  is  indeed  very  power- 
ful 1 what  a crackling  noil'e  it  makes. 

Tutor.  Shut  the  window  flutters. 

Charles.  The  appearance  is  very 
beautiful ; the  flalhes  from  the  filk 
dart  all  round  the  cylinder. 

Tutor.  I will  now  bring  to  the 
cylinder  the  tin  conductor  l,  which 
is  alfo  placed  on  a glafs  pillar  f N 
fixed  in  the  ftand  at  f. 

James.  What  are  the  points  in 
the  tin  conductor  for  P 

Tutor.  They  are  intended  to  col- 
led! the  fluid  from  the  cylinder:  I 
will  turn  the  cylinder,  and  do  you 
hold  your  knuckle  within  four  or 
five  inches  of  the  conductor. 
d 2 
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Charles . The  painful  fenfations 
which  thefe  fparks  occafion,  prove 
that  the  ele&ric  fluid  is  a very  pow- 
erful agent  when  collected  in  large- 
quantities. 

Tutor.  To  fliow  you  the  nature 
of  conducing  bodies,  I will  now 
throw  another  brafs  chain  over  the 
condudtor,  fo  that  one  end  of  it  may 
lie  on  the  floor : fee  now  if  you  can 
get  any  fparks  while  I turn  the  ma- 
chine. — 

James.  No,  I can  get  none,  put 
my  knuckle  as  near  to  it  as  I will: 
— does  it  all  run  away  by  the  chain? 

' Tutor.  It  does : a piece  of  brafs 
or  iron  wire  would  do  as  well ; and 
fo  would  ativ  Cottdu&ing  fubftance 
which  touched  the  condu&or  with 
one  end,  and  the  floor  with  the  other : 
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your  body  would  do  as  well  as  the 
chain.  Place  your  hand  on  the  con- 
ductor while  I turn  round  the  cylin- 
der : and  let  your  brother  bring  his 
knuckle  near  the  conductor. 

4 

Charles.  I can  get  no  fpark. 

Tutor.  It  runs  through  James  to 
the  earth,  and  you  fee  his  body  is  a 
conductor  as  well  as  the  chain.  With 
a very  little  contrivance  I can  take 
fparks  from  you  or  James,  as  well  as 
you  did  from  the  conductor. 

James,  I thou  Id  like  to  fee  how 
that  is  done. 

Tutor.  Here  is  a fmall  (tool,  hav- 
ing a mahogany  top  and  glals  legs. 
If  you  hand  on  that,  and  put  your 
hand  on  the  conductor,  the  electri- 
city will  pals  from  the  conductor  to 
your  body, 
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Charles . Will  the  glafs  legs  pre- 
vent it  from  running  from  him  to 
the  earth  ? 

Tutor.  They  will  : and  therefore 
what  he  receives  from  the  condn&or, 
he  will  be  ready  to  part  with  to  any 
of  the  furrounding  bodies,  or  to  you 
if  you  bring  your  hand  near  enough 
to  any  part  of  him. 

James.  The  fparks  are  more  pain- 
ful in  coming  through  my  clothes 
than  when  I received  them  on  my 
bare  hand. 

Tutor.  You  underhand,  I hope, 
this  procefs. 

Charles.  By  means  of  the  chain 
trailing  on  the  ground,  the  electric 
fluid  is  collected  from  the  earth  on 
the  glafs  cylinder,  which  gives  it 
through  the  points  to  the  conductor ; 
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from  this  it  may  be  conveyed  away 
again  by  means  of  other  conductors. 

Tutor.  Whatever  body  is  flip- 
ported  or  prevented  from  touching 
the  earth,  or  communicating  with  it, 
by  means  of  glafs  or  other  non-con- 
du&ing  fubftances,  is  faid  to  be  in- 
fulaied.  Thus  a body  fufpended  on 
a filk  line  is  infulated,  and  fo  is  any 
fubftance  that  (lands  on  glafs,  or  re- 
fin, or  wax,  provided  that  thefe  are 
in  a drv  ftate,  for  moifture  will  con- 
duCl  away  the  eleCtric  fluid  from  any 
charged  body. 


CONVERSATION  IV. 


Of  the  Electrical  Machine. 

CHARLES.  What  is  that  Alining 
{tuff  which  I faw  you  put  on  the  rub- 
ber yefterday  ? 

Tutor.  It  is  called  amalgam  : the 
rubber,  by  itfelf,  would  produce  a 
very  flight  excitation  ; but  its  power 
is  greatly  increafed  by  laying  upon  it 
a little  of  this  amalgam,  which  is 
made  of  quickfilver,  zinc,  and  tin- 
foil,  with  a little  tallow  or  mutton 
fuet. 
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James..  Is  there  any  art  required 
in  ufing  this  amalgam  ? 

Tutor.  When  the  rubber  and  filk 
flap  are  very  clean  and  dry,  and  in 
their  place,  then  fpread  a lirtle  of 
the  amalgam  upon  a piece  of  leather, 
and  apply  it  to  the  under  part  of  the 
glafs  cylinder,  while  it  is  revolving 
from  you  ; by  this  means  particles  of 
the  amalgam  will  be  carried  by  the 
glafs  itfelf  to  the  lower  part  of  the 
rubber,  and  will  increafe  the  excita- 
tion. 

Charles.  I think  I once  faw  a 
globe  inftead  of  a cylinder  for  an 
ele&rical  machine. 

Tutor.  You  might:  globes  were 
ufed  before  cylinders,  but  the  latter 
are  the  moft  convenient  of  the  two. 
The  moft  powerful  electrical  raa- 
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chines  are  fitted  with  flat  plates  of 
glafs.  In  our  experiments  we  ihall 
be  content  with  the  cylinder,  which 
will  anfwer  every  purpofe  of  explain- 
ing the  principles  of  the  fcience. 

James.  As  I was  able  to  conduft 
the  ele&ricity  from  the  tin  condu&or 
to  the  ground,  could  I likewife  aft  the 
part  of  the  chain  by  conducting  the 
fluid  from  the  earth  to  the  culhion  ? 

Tutor.  Undoubtedly : I will  take 
off  the  chain,  and  now  do  you  keep 
your  hand  on  the  culhion  while  I 
turn  the  handle. 

James.  I fee  the  machine  works 
as  well  as  when  the  chain  was  on  the 
ground. 

Tutor.  Keep  your  prefent  pofition, 
but  Hand  on  the  ftool  with  glafs 
legs ; by  which  means  there  is  now 
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all  communication  cut  off  between 
the  cuihion  and  the  earth ; in  other 
words,  the  cuihion  is  completely  in- 
fulated,  and  can  only  take  from  you 
what  electricity  it  can  get  from  your 
body.  Go,  Charles,  and  Ihake  hands 
with  your  brother. 

Charles.  It  does  not  appear  that 
the  machine  had  taken  all  the  elec- 
tricity from  him,  for  he  gave  me  a 
fmart  fpark. 

Tutor.  You  are  miitaken  ; he 
gave  you  nothing,  but  he  took  a 
fpark  from  you. 

Charles.  I ltood  on  the  ground, 
I was  not  electrified  ; how  then  could 
I give  him  a fpark  ? 

'Tutor.  The  machine  had  taken 
from  James  the  electricity  that  was 
iu  his  body,  and  by  handing  on  the 
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* ftool,  that  is,  by  being  infulated,  he 
had  no  means  of  receiving  any  more 
from  the  earth,  or  any  furrounding 
objects  ; the  moment,  therefore,  you 
brought  your  hand  near  him,  the 
electricity  paffed  from  you  to  him. 

Charles . I certainly  felt  the  fpark, 
but  whether  it  went  out  of,  or  en- 
tered into  my  hand,  I cannot  tell  , 
have  I.  then  lefs  than  my  fhare  now  ? 

Tutor.  No:  what  you  gave  to 
your  brother  was  fupplied  immedi- 
ately from  the  earth.  Here  is  an- 
other glafs-legged  ftool ; do  you  hand 
oil  this,  but  at  the  diftance  of  a foot 
or  two  from  your  brother,  who  ftill 
keeps  his  place.  I take  the  electri- 
city from  him  by  turning  the  ma- 
chine, and  as  he  hands  on  the  ftool, 
he  has  now  Ids  than  his  ihare.  But 
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you  have  your  natural  fhare,  becaufe 
though  you  alfo  are  infulated,  yet 
you  are  out  of  the  influence  of  the' 
machine ; extend,  therefore,  your 
hand,  and  give  him  a part  of  the 
ele&ric  fluid  that  is  in  you. 

Charles.  I have  given  him  a 
fpark. 

Tutor.  And  being  yourfelf  infu- 
lated, you  have  now  lefs  than  your 
natural  quantity,  to  fupply  which 
you  fhall  have  fome  from  me  : give 
me  your  hand.  Why  you  draw  it 
back  without  my  touching  it. 

Charles.  I did,  but  it  was  near 
enough  to  get  a ftrong  fpark  from 
you. 

Tutor.  When  a perfon  lias  lefs 
ele&ricitv  than  his  natural  fliare,  he 

V 

is  faid  to  be  ele&rilied  minus , or  ne~ 
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gatively:  but  if  lie  has  more  than  his 
natural  fhare,  he  is  faid  to  be  eleCtri- 
1 \ti\  plus,  or  poiitively. 

Jame$.  Then  before  Charles  gave 
me  the  fpark  I was  electrified  minus, 
and  when  he  had  given  it  me  he  was 
minus  till  he  received  it  from  you. 

Tutor.  That  is  right.  Suppofe 
you  hand  on  a ftool  and  hold  the 
rubber,  and  Charles  hand  on  an- 
other  {tool,  and  touch  the  prime  con- 
ductor l while  I turn  the  machine, 
which  of  you  will  be  plus,  and  which 
minus  electrified  ? 

James.  I fliall  be  minus,  becaufe 
I give  to  the  rubber:  and  Charles 
will  be  plus,  becaufe  he  receives  from 
the  conductor  what  I gave  to  the 
rubber,  and  which  is  carried  by  the 
cylinder  to  the  conductor. 
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Tutor.  You  then  have  lefs  than 
your  ihare,  and  your  brother  has 
more  than  he  ought  to  have.  Now 
if  I get  another  glafs-legged  ftool, 
I can  take  from  Charles  what  he  has 
too  much,  and  give  it  to  you  who 
have  too  little. 

Charles.  Is  it  necdfary  that  you 
lliould  be  infulated  for  this  pur- 
pofe  ? 

Tutor.  By  being  infulated  I may 
perhaps  carry  back  to  James  the 
very  electricity  which  palled  from 
him  to  you.  But  if  I ftand  on  the 
ground,  the  quantity  which  I take 
from  you  will  pafs  into  the  earth, 
becaufe  I cannot,  unlefs  I am  in- 
fulated,  retain  more  than  my  natural 
lhare. 
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James.  And  what  is  given  by  you 
to  me  is  likewife  inftantaneoufly  fup- 
plied  by  the  earth  ? 

Tutor.  It  is.  Let  us  make  an- 
other experiment  to  fhow  that  the 
electric  fluid  is  taken  from  the  earth. 
Here  are  fome  little  balls  (Plate  i. 
Pig.  3. ) made  of  the  pith  of  elder : 
they  are  put  on  thread,  and  being' 
very  light,  are  well  adapted  to  our 
purpofe. 

While  the  chain  is  on  the  cufhion, 
and  I work  the  machine,  do  you 
bring  the  balls  near  the  condudor 
by  holding  the  thread  at  d. 

James.  They  are  attracted  by  it, 
and  now  the  two  balls  repel  each 
other,  as  in  the  figure  x. 

Tutor . I ought  to  have  told 

you,  that  the  upper  part  d of  the 
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line  is  filk,  by  which  means  you 
know'the  balls  are  infulated,  as  filk 
is  a non-conductor.  I take  the 
chain  off  from  the  cufhion,  arid 
put  it  on  the  conductor,  fo  as  to 
hang  on  the  ground,  while  I turn 
the  machine.  Will  the  balls  be  af- 
fected now,  if  you  ht>ld  them  to  the 
conductor  ? 

James.  No,  they  are  not. 

Tutor.  Take  them  to  the  cufhion. 

Charles.  They  are  attracted  and 
repelled  now  by  being  brought  near 
the  culhion,  as  they  were  before,  by 
being  carried  to  the  conductor. 

Tutor.  Yes,  and  you  may  now 
take  fparks  from  the  cufhion  as  you 
did  juft  now  from  the  conductor  : in 
both  cafes  it  muft  be  evident  that 
e 3 
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the  eleCtric  fluid  is  brought  from  the 
earth. 

Some  machines  are  furniflied  with 
two  conductors,  one  of  which  is  con- 
nected with  the  cushion,  the  other 
fuch  as  we  have  defcribed.  Turn 
the  cylinder,  and  both  conductors 
will  be  electrified  ; but  any  body 
which  is  brought  within  the  in- 
fluence of  thcfe,  will  be  attracted 
by  one  of  the  conductors,  and  re- 
pelled by  the  other : and,  if  a chain 
or  wire  be  made  to  conneCt  the  two 
together,  neither  will  exhibit  any 
eleCtric  appearances  : they  feem, 
therefore,  to  be  in  oppofite  ftates ; 
accordingly  electricians  fay,  that  the 
conductor  connected  with  the  cufliiop 
is  negatively  electrified,  and  the  other 
is  pofitively  electrified. 


CONVERSATION  V. 


Of  EleBrical  Attraction  and 
Jiepulfion, 

JAMES.  What  is  this  large  roll 
of  lealing-wax  for  ? 

Tutor.  As  I mean  to  explain, 
this  morning,  the  principles  of  elec- 
trical attraction  and  repuhion,  X 
have,  befides  the  eleCtrical  machine, 
brought  out  for  ufe  a roll  of  fealing- 
wax,  which  is  about  fifteen  inches 
long,  and  an  inch  and  a quarter  in 
diameter,  and  the  long  glafs  tube. 
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Charles.  Are  they  not  both  elec- 
trics, and  capable  of  being  excited? 

Tutor.  They  are;  but  the  elec- 
tricity produced  by  exciting  them 
has  different  or  contrary  properties. 

James.  Are  there  two  kind  of 
eledlricities  then  ? 

Titter.  We  will  fliow  you  an  ex- 
periment before  we  attempt  to  give 
any  theory. — I will  excite  the  glafs 
tube,  and  Charles  {hall  excite  the 
wax : now  do  you  bring ”the  pith- 
balls,  which  are  fufpended  on  filk 
(Fig.  3.)  to  the  tube  : they  are  fud- 
denly  drawn  to  it,  and  now  they  are 
repelled  from  one  another,  and  like- 
wile  from  the  tube,  for  you  cannot 
eafily  make  them  touch  it  again  : 
— but  take  them  to  the  excited  wax. 
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James.  The  wax  attracts  them 
very  powerfully : now  they  fall  to- 
gether again,  and  appear  in  the  lame 
ftalc  as  they  were  in  before  they 
were  brought  to  the  excited  tube. 

Tutor.  Repeat  the  experiment 
again  and  again,  becaufe  on  this 
two  different  theories  have  been 
formed.  One  of  which  is,  that 
there  are  two  ele6lricities,  called  by 
fome  philolophers  the  vitreous  or  po- 
fitive  electricity ; and  the  rejinous  or 
negative  electricity. 

Charles.  Why  are  they  called  vi- 
treous and  rejinous  ? 

Tutor.  The  word  vitreous  is  Latin, 
and  fignifies  any  glajjy  fubltance ; 
and  the  word  rejinous  ufed  to  de- 
note that  the  electricity  produced  by 
refills,  wax,  &c.  polfdfes  different 
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qualities  from  that  produced  by 
glafs. 

James.  Is  it  not  natural  to  fup- 
pofe  that  there  are  two  ele&ricities, 
fince  the  excited  wax  attra&s  the 
very  fame  bodies  that  the  excited 
glafs  repels  ? 

Tutor.  It  may  be  as  eafily  ex- 
plained, by  fuppofing  that  every 
body,  in  its  natural  ftate,  poffeffes 
a certain  quantity  of  the  ele&ric 
fluid,  and  if  a part  of  it  be  taken 
away,  it  endeavours  to  get  it  from 
other  bodies  ; or  if  more  be  thrown 
upon  it  than  its  natural  quantity,  it 
yields  it  readily  to  other  bodies  that 
come  within  its  influence. 

Charles.  I do  not  underftand 
this. 
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Tutor . If  I excite  this  glafs  tube, 
the  electricity  which  it  exhibits  is 
fuppofed  to  come  from  my  hand ; 
but  if  I excite  the  roll  of  wax  in  the 
fame  way,  the  effeCt  is,  according  to 
this  theory,  that  a part  of  the  elec- 
tric fluid  naturally  belonging  to  the 
wax,  pafies  from  it  through  my  hand 
to  the  earth : and  the  wax  being 
furrounded  by  the  air,  which,  in  its 
dry  Hate,  is  a non-conduClor,  re- 
mains exhaufted,  and  is  ready  to 
take  fparks  from  any  body  that  may 
be  prefented  to  it. 

James.  Can  you  diftinguifli  that 
the  fparks  come  from  the  glafs  to  the 
hand ; and,  on  the  contrary,  from 
the  hand  to  the  wax  ? 

Tutor . No  : the  velocity  with 

which  light,  and  of  courfe  the  elec- 
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trie  fpark  moves,  renders  it  impof- 
lible  to  lay  what  courfe  it  takes ; 
but  I lhall  Ihow  you  other  experi- 
ments which  leem  to  juftify  this 
theory : and  as  nature  always  works 
by  the  fimpleft  means,  it  feems  more 
confiftent  with  her  ufual  operations, 
that  there  lliould  be  one  fluid  rather 
than  two,  provided  that  known  faCts 
can  be  equally  well  accounted  for, 
by  the  one  as  by  two. 

Chaj'les.  Can  you  account  for 
all  the  leading  fads  by  either  theory? 

Tutor.  Yes  we  can. 

You  faw  when  the  pith  balls  were 
electrified,  they  repelled  one  another. 
It  is  a general  principle  in  electricity, 
that  two  bodies  having  more  than 
their  natural  fliareof  the  eleCtric  fluid, 
will  repel  one  another.  But  if  one 
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have  more,  and  the  other  lefs  than 
its  fhare,  they  will  attract  one  an- 
other. 

James.  Plow  is  this  fhown  ? 

Tutor.  I will  hold  this  ball,  which 
is  infulated,  by  a filk  thread,  to  the 
conductor,  and  do  you,  Charles,  do 
the  fame  with  the  other.  Let  us 
now  bring  them  together. 

Charles.  No,  we  cannot:  they 
fly  from  one  another. 

Tutor.  I will  hold  mine  to  the 
infulated  cufliion,  and  you  fhall  hold 
yours  to  the  condu&or  while  the 
machine  is  turned,  now  I l’ufpe6t 
they  will  attradt  one  another. 

James.  They  do  indeed. 

Charles.  The  reafon  is  this  ; that 
the  cufliion,  and  whatever  is  in  con- 
tact with  it,  parts,  with  a portion  of 
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its  eleCiricity;  but  the  conductor, 
and  the  adjoining  bodies  have  more 
than  their  lhare ; therefore,  the  ball 
applied  to  the  cufliion,  being  nega- 
tively electrified,  will  attraCt  the  one 
connected  with  the  conductor,  which 
is  pofitively  electrified. 

Tutor.  Here  is  a tuft  of  feathers, 
which  I (tick  in  a finall  hole  in  the 
conductor:  now  fee  what  happens 
when  I turn  the  cylinder. 

James.  They  all  endeavour  to 
avoid  each  other,  and  Hand  ereCi,  in 
a beautiful  manner.  Let  me  take 
a fpark  from  the  conductor;  now 
they  fall  down  in  a moment. 

Tutor . When  I turned  the  wheel 
they  all  had  more  than  their  fhare 
of  the  eleCtric  fluid,  and  therefore 
they  repelled  one  another,  but  the 
9 1/  .. 
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moment  the  electricity  was  taken 
away,  they  fell  into  their  natural  po- 
rtion. A large  plume  of  feathers, 
when  electrified,  grows  beautifully 
turgid,  expanding  its  fibres  in  all  di- 
rections, and  they  collapfe  when  the 
electricity  is  taken  off. 

James.  Could  you  make  the  hairs 
on  my  head  repel  one  another? 

Tutor.  Yes,  that  I can.  Stand 
on  the  glafs-legged  {tool,  and  hold 
the  chain  that  hangs  on  the  con- 
ductor, in  your  hand,  while  I turn 
the  machine. 

Charles;  Now  your  hairs  ftand 
all  an  end. 

James.  And  I feel  fomething  like 
cobwebs  over  my  face. 

Tutor.  There  are,  however,  no  cob- 
webs, but  that  is  a fenlation  which 
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a perfon  always  experiences  if  he  is 
highly  electrified.  Hold  the  pith 
ball,  Charles,  near  your  brother’s 
face. 

James.  It  is  attracted  in  the  fame 
manner  as  it  was  before  with  the 
conductor.  » 

Tutor.  Hence  you  may  lay  it 
down  as  a general  rule,  that  all  light 
fubftances  coming  within  the  influ- 
ence of  an  eleClrified  body,  are  at- 
tracted by  it,  whether  it  is  electrified 
pofitively  or  negatively. 

Charles.  Becaufe  they  are  at- 
tracted by  the  pofitive  eleCtricity  to 
receive  fome  of  the  fuperabundant 
quantity;  and  by  the  negative  to 
give  away  fome  that  thc}r  poffefs. 

Tutor.  J uftfo : and  when  they  have 
feceiyed  as  much  as  they  can  contain, 
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they  are  repelled  by  the  electrified 
body.  The  fame  thing  may  be 
fhown  in  various  ways.  Having  ex- 
cited this  glafs  tube,  either  by  draw- 
ing it  feveral  times  through  my  hand, 
or  by  means  of  a piece  of  flannel,  I 
will  bring  it  near  this  fmali  feather. 
See  how  quickly  it  jumps  to  the  glafs. 

James.  It  does,  and  (ticks  to  it. 

Tutor.  You  will  obferve,  that  af- 
ter a minute  or  two,  it  will  have 
taken  as  much  eleChicity  from  the 
tube  as  it  can  hold,  when  it  will  fud- 
denly  be  repelled,  and  jump  to  the 
neareft  conductor ; upon  which  it 
will  difcharge  the  fuperabundant  elec- 
tricity that  it  has  acquired. 

James.  I fee  it  is  now  going  to 
the  ground,  that  being  the  neareft 
conductor, 

F 3 
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Tutor.  I will  prevent  it  by  hold- 
ing the  electrified  tube  between  it 
and  the  floor.  You  fee  how  unwil- 
ling it  is  to  come  again  in  contadt 
with  the  tube : by  purfuing  I can 
drive  it  where  I pleafe  without  touch- 
ing it. 

Charles.  That  is,  becaufe  the 
glafs  and  the  feather  are  both  loaded 
with  the  lame  electricity? 

Tutor.  Let  the  feather  touch  the 
ground,  or  any  other  conductor,  and 
you  will  fee  that  it  will  jump  to  the 
tube  as  fait  as  it  did  before. 

I will  l'ufpend  this  brafs  plate, 
which  is  about  five  inches  in  diame- 
ter, to  the  conductor,  and  at  the  dif- 
tance  of  three  or  four  inches  below 
I will  place  fome  fmall  feathers,  or 
bits  of  paper  cut  into  the  figures  of 
men  and  women.  They  lay  very 
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quiet  at  prefent;  obferve  their  mo- 
tions as  loon  as  I turn  the  wheel. 

James.  They  exhibit  a pretty 
country  dance  : they  jump  up  to 
the  top  plate,  and  then  down  again. 

Tutor.  The  fame  principle  is  evi- 
dent in  all  thefe  experiments.  The 
upper  plate  has  more  than  its  own 
ihare  of  the  eledlric  fluid,  which 
attracts  the  little  figures ; as  foon  as 
they  have  received  a portion  of  it, 
they  go  down  to  give  it  to  the 
lower  plate  ; and  fo  it  will  continue 
till  the  upper  plate  is  difeharged  of 
its  fuperabundant  quantity. 

I will  take  away  the  plates,  and 
hang  a chain  on  the  condudtor,  the 
end  of  which  fhall  lie  in  feveral  folds 
in  a glafs  tumbler ; if  I turn  the 
machine,  the  eledtric  fluid  will  run 
through  the  chain,  and  will  eledbity 
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the  infide  of  the  glafs.  This  done,  1 
turn  it  quickly  over  eight  or  ten  fmall 
pith  balls,  which  lie  on  the  table. 

Charles.  That  is  a very  amufing 
fight;  how  they  jump  about:  they 
ferve  alio  to  fetch  the  electricity  from 
the  glafs  and  carry  it  to  the  table. 

Tutor.  If,  inftead  of  the  lower  me- 
tal plate,  I hold  in  my  hand  a pane  of 
dry  and  very  clean  glafs,  by  the  cor* 
ner,  the  paper  figures,  or  pith  balls, 
will  not  move,  becaufe  glafs  being 
a non-concluding  fubftance,  it  has 
no  power  of  carrying  away  the  fu- 
perabundant  cledricity  from  the 
plate  fufpended  from  the  conduc- 
tor. But  if  I hold  the  glafs  flat 
in  my  hand,  the  figures  will  be  at- 
tracted and  repelled,  which  fhows 
that  the  eleCtric  fluid  will  pafs  through 
thin  glafs. 
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Take  now  the  following  refults,  and 
commit  them  to  your  memory. 

(1.)  If  two  in fulated  pith  balls  be 
brought  near  the  conductor,  they 
will  repel  each  other. 

(2.)  If  an  infulated  conductor  be 
connected  with  the  cufhion,  and  two 
infulated  pith  balls  be  electrified  by 
it,  they  will  repel  each  other. 

(3.)  If  one  infulated  ball  be  electri- 
fied by  the  prime  conductor,  and  an- 
other by  the  conductor  connected 
with  the  cufhion,  they  will  attraCt 
each  other. 

(4.)  If  one  ball  be  electrified  by 
glafs,  and  another  by  wax,  they  will 
attraCt  each  other. 

(5.)  If  one  ball  be  electrified  by  a 
fmooth,  and  another  by  a rough  ex- 
cited glafs  tube,  they  will  attraCt  one 
another. 


CONVERSATION  VI, 


Of  Electrical  Attraction  atid 
Repul/ion . 

TUTOR.  I will  fliow  you  an- 
other inftance  or  two  of  the  effects 
of  ele&rical  attraction  and  repul- 
fion. 

This  apparatus  (Plate  i.  Fig.  4.) 
confifts  of  three  bells  fuipended  from 
a brafs  wire,  the  two  outer  ones  by 
fmall  brafs  chains ; the  middle  bell, 
and  the  two  clappers  x x,  are  fuf* 
pended  on  filk.  From  the  middle 
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bell  there  is  a chain  n.  which  o’0es 
to  the  table,'  or  any  other  conducting 
fubftance.  The  bells  are  now  to 
be  hung  by  c on  the  conductor,  and 
the  eleCtrical  machine  to  be  put  in 
motion. 

James.  The  clappers  go  from 

bell  to  bell,  and  make  very  pretty 
mufic : how  do  you  explain  this  ? 

Tutor.  The  eleCtric  fluid  runs 

down  the  chains  a and  b to  the  bells 
a,  b,  thefe  having  more  than  their 
natural  quantity,  attraCt  the  clapper 
x x,  which  take  a portion  from  a 
and  b,  and  carry  it  to  the  center 
1)611  n,  and  this,  by  means  of  the 
chain,  conveys  it  to  the  earth. 

Charles.  Would  not  the  fame 
effeCt  be  produced  if  the  clappers 
were  not  fufpended  on  lilk  ? 
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Tutor.  Certainly  not : nor  wilt 
it  be  produced  if  the  chain  be  taken 
away  from  the  bell  n,  becaufe  then 
there  is  no  way  left  to  carry  off  the 
eledlric  fluid  to  the  earth. 

Another  amufing  experiment  is 
thus  fhown  : Let  there  be  two  wires 
placed  exactly  one  above  another, 
and  parallel ; the  upper  one  muft  be 
fufpended  from  the  condu&or,  the 
other  is  to  communicate  with  the 
table  : a light  image  placed  between 
thele  will,  when  the  conductor  is 
elettrified,  appear  like  a rope  dancer. 

This  piece  of  leaf  brals  is  called 
the  electric  fijh , one  end  is  a fort  of 
obtufe  angle,  the  other  is  acute : if 
the  large  end  be  prefented  towards 
an  electrified  conductor,  it  will  fix  to 
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it,  and,  from  its  wavering  motion,  it 
will  appear  to  be  animated. 

This  property  of  attraction  and 
repulfion  has  led  to  many  inventions 
of  inftruments  called  electrometers. 

.Tames.  Is  not  an  electrometer  a 
machine  to  mealure  the  ftrength  of 
the  eleCtricity  ? 

Tutor.  Yes ; and  this  is  one  of 
the  moft  fimple  (Plate  i.  Fig.  5.) 
and  it  depends  entirely  upon  the  re- 
pulfion which  takes  place  between 
two  bodies  in  a Hate  of  electrifica- 
tion. It  confifts  of  a light  rod  and 
a pith  ball,  hanging  parallel  to  the 
(tern,  but  turning  on  the  centre  of  a 
femicircle,  fo  as  to  keep  dole  to  its 
graduated  limb.  This  is  to  be  placed 
in  a hole  on  the  conductor  l,  and  ac- 
cording as  the  conductor  is  more  or 
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Icfs  electrified,  the  ball  will  fly  far- 
ther from  the  ttcm. 

Charles . If  the  circular  part  be 
marked  with  degrees,  you  may  af* 
certain,  I fuppofe,  pretty  accurately, 
the  ftrength  of  any  given  charge. 

Tutor.  Yes,  you  may ; but  you 
fee  how  faft  the  air  carries  away  the 
electricity,  it  fcarcely  remains  a tingle 
moment  in  the  place  to  which  it  was 
repelled. — Two  pith  balls  may  be 
fufpended  parallel  to  one  another,  on 
filken  threads,  and  applied  to  any 
part  of  an  eleCtrical  machine,  and 
they  will,  by  their  repulfion,  ferve 
for  an  electrometer,  for  they  will  re- 
pel one  another  the  more,  as  the 
machine  aCts  more  powerfully. 

James.  lias  this  any  advantage 
over  the  other  ? 
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Tutor.  It  ferves  to  (how  whether 
the  electricity  be  negative  or  pofitive; 
for  if  it  be  pofitive,  by  applying  an 
excited  Itick  of  fealing-wax,  the 
threads  will  fall  together  again  ; but 
if  it  be  negative,  excited  fealing-wax, 
or  refm,  orfulphur,  or  even  a rod  of 
glafs,  the  polifh  of  which  is  taken 
off,  will  make  them  recede  farther. 

We  have  now,  perhaps,  faid  enough 
refpecting  electrical  attraction  and  re- 
pulfion,  at  leaft  for  the  prefent ; I 
with  you,  however,  to  commit  the 
following  refults  to  your  memory. 

I.  Bodies  that  are  electrified  po- 
fitively  repel  each  other. 

II.  Bodies  that  are  electrified  ne- 
gatively repel  each  other. 

Charles.  Do  you  mean,  that  if  two 
bodies  have  either  more  or  lcfs  of  the 


64 


ELECTRICITY. 


eleCtric  fluid  than  their  natural  fhare, 
they  will  repel  each  other  if  brought 
fufticiently  near? 

Tutor.  That  is  exaCtly  what  I 
mean. 

III.  Bodies  electrified  by  con- 
trary powers  j that  is,  two  bodies, 
one  having  more,  and  the  oilier  lefs 
than  its  natural  fhare,  attraCt  each 
other  very  ftrongly. 

IV.  Bodies  that  are  electrified  at- 
ttaCt  light  fubftances  which  are  not 
electrified. 

Thefe  are  faCts  which,  I truft, 
have  been  made  evident  to  your 
fenfes.  To-morrow  we  will  delcribe 
what  is  ufually  called  the  Leyden 
phial. 
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* 

Of  the  Leyden  Phial , or  Jar. 

TUTOR.  I will  take  away  the 
wires  and  the  ball  from  the  conduc- 
tor, and  then  remove  the  conductor 
an  inch  or  two  farther  from  the  cy- 
linder. If  the  machine  a£ls  ltrongly, 
bring  an  infulated  pith  ball,  that  is, 
you  know,  one  hanging  on  filk,  to 
the  end  of  the  condu&or  neareft  to 
the  glafs  cylinder. 

Charles . It  is  immediately  at- 

tracted. 
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Tutor.  Carry  it  to  the  other  end 
of  the  conductor,  and  fee  what  hap- 
pens. 

Charles.  It  is  attracted  again, 
but  I thought  it  would  have  been 
repelled. 

Tutor.  Then  as  the  ball  was  elec- 
trified before,  and  is  ftill  attracted, 
you  are  fure  that  the  electricity  of 
the  two  ends  of  the  conductor  are  of 
different  names  ; that  is,  one  is  plus, 
and  the  other  minus. 

James.  Which  is  the  pofitive,  and 
which  the  negative  end  ? 

Tutor.  That  end  of  the  conduc- 
tor which  is  near  eft  to  the  cylinder, 
becomes  polfeffed  of  an  electricity 
different  from  that  of  the  cylinder 
itfelf. 
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James.  Do  you  mean,  that  if  the 
cylinder  is  pofitively  electrified,  the 
end  of  the  conductor  next  to  it  is 
cleCtrified  negatively  ? 

Tutor.  I do : and  this  you  may 
fee  by  holding  an  initiated  pith  ball 
between  them. 

Charles.  \ es,  it  is  now  very  evi- 
dent, for  the  ball  fetches  and  carries 
as  we  have  feen  it  before. 

Tutor.  What  you  have  feen  with 
regard  to  the  conductor,  is  equally 
true  with  relpeCt  to  non-conduCting 
bodies:  here  is  a common  glafs  tum- 
bler; if  I throw  withinfide  it  a greater 
portion  of  electricity  than  its  natural 
ihare,  and  hold  it  in  my  hand,  or 
place  it  on  any  conducting  fubftance, 
as  the  table,  a part  of  the  eleCtric 
fluid,  that  naturally  belongs  to  the 
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outfide,  will  make  its  efcape  through 
my  body. 

Charles.  Let  me  try  this. 

Tutor.  But  you  muft  be  careful 
that  you  do  not  break  the  glafs. 
i Charles.  I will  hang  the  chain  on 
the  conductor,  and  let  the  other  end 
lie  on  the  bottom  of  the  glafs,  and 
James  will  turn  the  machine. 

Tutor.  You  muft  take  care  that 
the  chain  does  not  touch  the  edge  of 
the  glafs,  becaufe  then  the  eledtric 
fluid  will,  by  that  means,  run  from 
one  fide  of  it  to  the  other,  and  fpoil 
the  experiment. 

James.  If  I have  turned  the  ma- 
chine enough,  take  the  chain  out, 
and  try  the  two  fides  with  the  infu- 
fated  pith  ball. 
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C hai les.  What  is  tliis  ! fome- 
tliing  lias  pierced  through  my  arms 
and  fhoulders. 

Tutor,  lhat  is  a trifling  ele£tri- 
cal  fl lock,  which  you  might  have 
avoided,  if  you  had  waited  for  my 
directions. 

Charles.  Indeed  it  was  not  trif- 
ling : I feel  it  now. 

Tutor.  This  leads  us  to  the  Ley- 
den phial  : fo  called,  becaufe  the 
difcovery  was  fir  ft  made  at  Leyden, 
in  Holland,  and  by  means  of  a phial 
or  final  1 bottle. 

James.  Was  it  found  out  in  the 
fame  manner  as  Charles  has  juft  dif- 
"covered  it. 

Tutor.  Nearly  fo:  Mr.  Cuneus, 
a Dutch  philofopher,  was  holding  a 
glafs  phial  in  his  hand,  about  half 
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hlled  with  water,  but  the  Tides  above 
the  water,  and  the  outiide  was  quite 
dry,  a wire  alfo  hung  from  the  con- 
du6tor  of  an  ele&rical  machine  into 
the  water. 

James.  Did  that  anfwer  to  the 
chain  ? 

Tutor.  Juft  fo:  and,  like  Charles, 
he  was  going  to  difengage  the  wire 
•with  one  hand,  as  he  held  the  bottle 
in  the  other,  and  was  fur  prized  and 
alarmed  by  a fudden  lliock  in  his 
arms,  and  through  his  bread,  which 
he  had  not  the  leaft  expected. 

Charles.  I do  not  think  there 
was  any  thing  to  be  alarmed  at. 

Tutor.  The  fhock  which  he  felt 
was,  probably,  fomething  feverer 
than  that  which  you  have  juft  ex- 
perienced : but  the  terror  was  evi- 
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dently  increafed  by  its  coming  fo 
completely  unexpe&ed. 

When  M.  Mufchenbroeck  firftfelt 
the  /hock,  which  was  by  means  of 
a thin  glafs  bowl,  and  very  flight, 
he  wrote  to  Reaumur,  that  he  felt 
himfelf  ftruck  in  his  arms,  /boulders, 
and  breaft ; fo  that  he  loft  his  breath, 
and  was  two  whole  days  before  he 
recovered  from  the  effects  of  the 
blow. 

Charles.  Perhaps  he  meant  the 
fright  ? 

Tutor.  Terror  feems  to  have  been 
the  eflfedt  of  the  /hock  : for  he  adds, 
“ I would  not  take  a fecond  lliock 
“ for  the  whole  kingdom  of  France.” 

Mr.  Ninkler,  an  experimental  phi-* 
lofopher,  at  Leipftc,  defcribes  the 
ihock  as  having  given  him  convul- 
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dons  ; a heavinefs  in  his  head,  iucli 
as  he  lhould  feel  if  a large  ftone 
were  on  it,  and  he  had  reafon  to 
dread  a fever,  to  prevent  which  he 
put  himfelf  on  a courfe  of  cooling 
medicines.  “Twice,”  fays  he,  “it 
gave  me  a bleeding  at  the  nofe,  to 
which  I am  not  inclined,  and  my 
wife,  whole  curiofity  furpafled  her 
fears,  received  the  lliock  twice,  and 
found  herfelf  fo  weak,  that  flie  could 
fcarcely  walk  : neverthelefs,  in  the 
courfe  of  a few  days,  die  received  an- 
other diock,  which  caufed  a bleeding 
at  the  nofe.” 

Joints.  Is  this  called  the  Leyden 

* 

phial  ? 

Tutor.  It  is.  They  are  now 
made  in  this  manner.  (Plate  i.  Fig. 
6.)  ba  is  a glafs  jar,  both  i.nfide 

1 
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and  out  are  covered  with  tin  foil 
about  three  parts  of  the  way  up,  as 
far  as  x. 

Charles.  Does  the  outfide  cover- 
ing anfwer  to  the  hand,  and  the  in- 
lide  covering  to  the  water  ? 

Tutor.  They  do : the  piece  of 
wood  z is  placed  on  the  top,  merely 
to  fupport  the  brafs  wire  and  knob  r, 
to  the  bottom  of  which  hangs  a 
chain  that  refts  on  the  bottom  of  the 
jar.  I will  now  fet  the  jar  in  fuch  a 
fituation  that  it  fhall  be  within  two 
or  three  inches  of  the  conductor 
while  I work  the  machine. 

James.  The  lparks  fly  rapidly 
from  the  conductor  to  the  knob. 

Tutor.  J3y  that  means  the  infide 
of  the  jar  becomes  charged  with  a 
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fuperabundant  quantity  of  electri- 
city : and  as  it  cannot  contain  this, 
without,  at  the  fame  time,  driving 
away  an  equal  quantity  from  the  oufc- 
fide:  the  irifide  is  pofitively  elec- 
trified, and  the  outfide  is  negatively 
electrified.  To  reftore  the  equili- 
brium, I muft  make  a communica- 
tion between  the  outfide  and  infide 
with  fome  conducting  fubftance.  That 

is,  I muft  make  the  lame  fubftance 
touch,  at  the  fame  time,  the  out- 
fide tiu  foil,  and  that  which  is 
within,  or,  which  is  the  fame  thing, 
another  fubftance  that  does  touch 

it. 

Charles.  The  brafs  wire  touches 
the  infide : if  I,  therefore,  with  one 
hand  touch  the  knob,  and  with  the 
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other  the  outfide  covering,  will  it  be 
iurticient? 

Tutor.  It  will : but  I had  rather 
you  would  not,  becaule  the  fhock, 
will  be  more  powerful  than  I ihonld 
willi  either  myfclf  or  you  to  expe- 
rience. Here  is  a brafs  wire  with 
two  little  balls  or  knobs  b s to  it, 
(Plate  i.  Fig.  7-)  I will  bring  one 
of  them,  as  s to  the  outfide,  and 
the  other  b,  to  the.  ball  v on  the 
wire. 

James.  What  a brilliant  fpark, 
and  what  a loud  noite ! 

Tut-or.  The  electric  fluid,  that  oc- 
cafions  the  light  and  the  naife,  ran 
from  the  infide  of  the  jar  through  the 
wire  to  s,  and  ip  read  i tie  If  over  the 
outiide. 
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Charles.  Would  it  have  gone 
through  my  arms  if  I had  put  one 
hand  to  the  outfide,  and  toughed  the 
wire  communicating  with  the  infide, 
with  the  other  ? 

Tutor.  It  would,  and  you  may 
believe  the  ihock  would  have  been 
in  proportion  to  the  quantity  of  the 
fluid  collected.  The  inftrument  I 
ufed  mav  be  called  a difcharginff 
rod:  but  here  is  a more  convenient 
one:  (Plate  i.  Fig.  8.)  the  handle 
d is  folid  glafs,  fattened  into  a 
brafs  focket,  and  the  brafs  work  is 
the  fame  as  fig.  7,  only  by  turning 
on  a joint  the  arms  may  be  opened 
to  any  extent. 

James.  Why  is  the  handle  glafs? 

Tutor.  Becaufe  glafs  being  a non- 
conductor, the  eledtric  fluid  palfes 
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through  the  brafs  work,  without  af- 
fecting the  hand  ; whereas,  with  the 
other,  a finall  fenfation  was  perceived 
while  I difcharged  the  jar. 

Charles.  Would  the  jar  never  dif- 
charge  it  felt'? 

Tutor.  Yes  : by  expofure  to  the 
air  for  fome  time,  the  charge  of  the 
jar  will  be  iilently  and  gradually  dif- 
lipated,  for  the  fuperabuodant  elec- 
tric fluid  of  the  inlide  will  efcape,  by 
means  of  the  air,  to  the  outhde  of 
the  jar. — But  electricians  make  it  a 
rule  never  to  leave  a j^r  in  its  charged 


CONVERSATION  VIII. 


Of  the  Leyden  Jar : Lane's  di [charg- 
ing Electrometer,  arid  the  ElcCiiL 

cal  Battery. 

* 

, 
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CHARLES.  In  discharging  the 
jar  yefterday,  I obferved  that  when 
one  of  the  discharging*  rods  touched 
the  outfide  of  the  jar,  the  flalli  and 
report  took  place  before  the  other  end 
came  in  contact  with  the  brafs  wire 
fhat  communicates  with  the  infidc*. 
coating*. 
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Tutor.  Yes,  it  adts  in  the  fame 
manner  as  when  you  take  a fpark 
from  the  condudlor ; you  do  not,  for 
that  purpofe,  bring  your  knuckle 
clofe  to  the  tin. 

James.  Sometimes,  when  the  ma- 
chine adts  very  powerfully,  you  may 
get  the  fpark  at  the  diftance  of  feveral 
inches. 

Tutor.  By  the  fame  principle,  the 
higher  an  eledtrical  or  Leyden  jar  is 
charged,  the  more  eafily,  or  at  a 
greater  diftance,  is  it  difcharged. 

Charles.  From  your  experiments 
it  does  not  feem  that  it  will  difcharge 
at  fo  great  a diftance  as  that  in  which 
a fpark  may  be  taken  from  the  con- 
ductor. 

Tutor.  Very  frequently  a jar  will 
difcharge  itfelf,  after  it  has  accumu-. 
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lated  as  much  of  the  electrical  fluid 
as  it  can  contain  : that  is,  the  fluid 
which  is  thrown  on  the  infide  coating 
will  make  its  way  over  the  glafs, 
though  a non- conductor,  on  to  the 
out  fide  coating. 

James.  In  a Leyden  jar,  after 
the  fir  ft  difeharge,  you  always,  I 
perceive,  take  another  and  fmalltr 
one. 

Tutor.  The  tin  foil  on  the  jar  not 
being  a perfect  conduftor,  the  whole 
quantity  of  fluid  will  not  pals  at  fir  ft 
from  the  infide  to  the  out ; what  re- 
mains  is  called  the  rejiduum,  and 
this,  in  a large  jar,  would  give  you 
a confiderable  lliock ; therefore,  1 
advilc  you  always,  in  difeharging  an 
electrical  jar,  to  take  away  the  refi- 
duum  before  you  venture  to  remove 


LANF/S  ELECTROMETER.  81 

the  apparatus.  I will  now  clefcribe 
an  electrometer,  which  depends,  for 
its  adtion,  on  the  principles  we  have 
been  defcribing. 

Charles.  Do  you  mean  upon  the 
jar’s  difcharging  before  the  outfide 
and  infide  coating  are  actually  brought 
into  contaCt  ? 

Tutor.  Ido:  (Plater.  Fig.  10.) 
The  arm  d is  made  of  glafs,  and  pro- 
ceeds from  a focket  on  the  wire  of 
the  eleCtrical  jar  f.  To  the  top  of 
the  glafs  arm  is  cemented  another 
brafs  focket  e,  through  which  a wire 
with  balls  b and  c at  each  end  will 
hide  backwards  and  forwards. 

James.  So  that  it  may  be  brought 
to  any  diftance  from  the  ball  a,  which 
is  on  the  wire  connected  with  the  in- 
fide of  the  jar? 
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Tutor.  Juft  fo.  When  the  jar  f is 
fet  either  in  contaft,  or  very  near  the 
conductor,  as  is  reprefented  in  the 
figure,  and  the  ball  b is  fet  at  the 
difiance  of  the  eighth  of  an  inch 
from  the  ball  a,  let  a wire  c k be 
fixed  between  the  ball  c and  the  out- 
ficle  coating  of  the  jar.  Then  as 
icon  as  the  machine  is  worked,  the 
jar  cannot  be  charged  beyond  a cer- 
tain point,  for  when  the  charge  is 
firong  enough  to  pafs  from  a to  the 
ball  b,  the  dilcharge  will  take  place, 
and  the  ele&ric  fluid  collected  in  the 
in-fid e will  pais  through  the  wire  c k. 
fo  the  outfide  coating. 

Charles.  If  you  remove  the  bails 
to  a greater  difiance  from  one  an- 
other, will  a fironger  charge  be  re- 
quired before  the  fluid  can  pais  from 
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the  infide  of  the  jar  to  the  ball  b of 
the  electrometer  ? 

Tutor.  Certainly  : and  therefore 
the  dHcharge  will  be  much  ftronger. 
This  machine  is  called  Lane’s  Dif- 
eharging  Electrometer,  from  the 
name  of  the  perfon  who  invented  it. 
It  is  very  uleful  in  applying  the  elec- 
tric fhock  to  medical  purpofes,  as  we 
ihall  fee  hereafter. 

This  box  contains  nine  jars  or  Ley- 
den phials,  (Plate  r.  Fig.  9 •)  the 
wires  which  proceed  from  the  infide 
of  each  three  of  thefe  jars,  are  fere  wed 
or  fattened  to  a common  horizontal 
wire  e,  which  is  knobbed  at  each  ex- 
tremity, and,  by  means  of  the  wires 
f f,  the  infide  coatings  of  3 or  6, 
or  the  whole  9 may  be  connected., 
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James.  Is  it  a common  box  in 
which  the  jars  are  placed  ? 

Tutor.  The  infide  of  the  box  is 
lined  with  tin  foil;  fometimes  very 
thin  tin-plates  are  ufed,  for  the  pur* 
pofe  of  connecting,  more  effectually, 
the  outfide  coatings  of  all  the  jars. 

Charles.  What  is  the  hook  on  one 
of  the  Tides  of  the  box  for  ? 

Tutor.  To  this  hook  is  fattened  a 
ftrong  wire,  which  communicates 
with  the  infide  lining  of  the  box, 
and,  of  courfe,  with  the  outfide  coat- 
ing of  the  jars.  And,  as  you  fee, 
to  the  hook  a wire  is  alfo  fattened, 
which  connects  it  with  one  branch 
of  the  difeharging  rod. 

James.  Is  there  any  particular 
art  to  be  ufed  in  charging  a battery  r 
lutor.  No:  the  heft  way  is,  to 
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bring  a chain,  or  piece  of  wire,  from 
the  conduftor  to  one  of  the  balls  on 
the  rods  that  reft  upon  the  jars  : and 
then  fet  the  machine  to  work.  The 
ele&ric  fluid  pafies  from  the  conduc- 
tor to  the  inflde  of  all  the  jars,  till  it 
is  charged  fufficiently  high  for  the 
purpofe.  Great  caution,  however, 
muft  be  ufed  when  you  come  to  make 
experiments  with  a battery,  for  fear 
of  an  accident,  either  to  yourfelf,  or 
to  fpeciators. 

Charles.  Would  a fliock  from 
this  be  attended  with  any  bad  confe- 
quences  ? 

i 

Tutor.  Yes : very  ferious  acci- 
dents may  happen  from  the  eledri- 
city  accumulated  in  a large  battery, 
and  even  with  a battery  fuch  as  is 
reprefented  in  the  plate,  which  is  one 
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of  the  filial  left  made ; a /hock  may 
lie  given,  which,  if  pa/fed  through 
the  head,  or  other  vital  parts  of  the 
bod}r,  may  be  attended  with  very 
mifehievous  eftedls. 

James.  How  do  you  know  when 
the  battery  is  properly  charged  ? 

Tutor.  The  quadrant  electrometer 
(Plate  i.  Fig.  5.)  is  the  beft  guide, 
and  this  may  be  fixed  either  on  the 
conductor,  or  upon  one  of  the  rods 
of  the  battery.  Put  if  it  is  fixed  on 
the  battery,  the  fteni  of  it  fliould  be 
of  a good  length,  not  lefs  than  12  or 
15  inches. 

Charles . How  high  will  the 

index  ftand  when  the  battery  is 
charged  ? 

Tutor.  It  will  feldom  rife  fo  high 

as  90°,  becaufe  a machine,  under  the 

\ 
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nioft  favorable  c ire  uni  fiances,  cannot 
charge  a battery  fo  high,  in  propor- 
tion, as  a fingle  jar.  You  may 
reckon  that  a battery  is  well  charged 
when  the  index  rifes  as  high  as  66° 
or  between  that  and  70°. 

James.  Is  there  no  danger  of 
breaking  the  jars  when  the  battery  is' 
very  highly  charged  ? 

Tutor.  Yes,  there  is ; and  if  one 
jar  be  cracked,  it  is  impoflible  to 
charge  the  others,  till  the  broken  one 
be  removed : to  prevent  accidents, 
it  is  recommended  not  to  difeharge 
a battery  through  a good  conductor, 
except  the  circuit  is  at  leaft  five  feet 
long. 

Charles.  Do  you  mean  the  wire 
ihould  be  fo  long  ? 

sD 
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Tutor.  Yes,  if  you  pal's  the  charge 
through  that;  but  you  may  carry  it 
through  any  conductor. 

Before  a battery  is  ufed,  the  un- 
coated part  of  the  jars  mu  ft  be  made 
perfectly  clean  and  dry,  the  fmalleft 
particles  of  dud  will  carry  away  the 
cledtric  fluid.  And  after  an  explo- 
sion, always  connect  the  wire  from 
the  hook,  with  the  ball,  to  prevent 
any  refiduum. 


CONVERSATION  IX- 


Experiments  made  with  the  Electrical 
Battery. 

TLTOR.  I will  now  fhow  you 
Tome  experiments  with  this  large 
battery : to  perform  tliefe  in  perfect 
iafety,  I mud  beg  you  to  ftand  a 
good  diftance  from  it ; this  will  pre- 
vent accidents. 

Example  I.  I take  this  quire  of 
writing  paper,  and  place  it  againft 
the  hook  or  wire  that  comes  out  of 
the  box  : and  when  the  battery  is 
j 3 
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charged,  I put  one  ball  of  the  dif- 
charging;  rod  to  a knob  of  one  of  the 
wires  f,  and  bring  the  other  knob 
to  that  part  of  the  paper  that  Hands 
againlt  the  wire,  proceeding  from 
the  box : you  fee  what  a hole  it  has 
made  through  every  lhect  of  the  pa- 
per. Smell  the  paper  where  the  per- 
foration is. 

Charles.  It  fmells  like  fulphur. 

Tutor.  Or  more  like  phofphorus: 
you  obferve,  in  this  experiment,  that 
the  eleCtric  fluid  palled  from  the  in- 
lide  of  the  jars  through  the  con- 
ducting rod  and  paper,  to  the  out- 
bid e. 

James.  Why  did  it.  not  pafs  through 
the  paper,  in  the  lame  manner  as  it 
palled  the  brafs  difcharging  rod,  in 
which  it  made  no  hole  ? 
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Tutor.  Paper  is  a non -con  dur- 
ing fubftance,  but  brafs  is  a conduc- 
tor : through  the  latter  it  pafies  with- 
out any  refinance,  and  in  its  endea- 
vour to  get  to  the  infide  of  the  box, 
it  bur  ft  the  paper  as  you  fee:  the. 

d ^ ould  have  happened 
had  there  been  twice  or  thrice  as 
much  paper.  The  electric  fluid  of 
a 1 ingle  jar  will  pierce  through  many 
iheets  of  paper. 

Charles.  Would  it  ferve  any  other 
non-conducting  fubftance  in  the  fame 
manner  ? 

Tutor.  \ es,  it  will  even  break  a 
thin  piece  of  glafs,  orofrefin,  or  of 
foaling- wax,  if  they  be  interpofed 
between  the  difeharging  rod  and  the 
outftdc  of  the  coating  of  the  bat' 
tery. 
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Ex.  II.  Place  a piece  ofloaf  fugar 
in  the  fitnation  in  which  the  quire 
of  paper  was  juft  now,  the  fugar  will 
be  broken,  and  in  the  dark  it  will 
appear  beautifully  illuminated,  and 
remain  fo  for  many  feconds  of  time. 

Ex.  III.  Let  the  fmall  piece  of 
wire,  proceeding  from  the  hole  in 
the  box,  be  laid  on  one  fide  of  a 
plate,  containing  fome  fpirits  of  wine, 
and,  on  the  oppofite  licle  of  the  plate, 
bring  one  of  the  knobs  of  the  dif- 
charging-rod,  while  the  other  is  car- 
ried to  the  wires  connected  with  the 
in  fide  of  the  jars. 

Charles.  Then  the  electric  fluid 
will  have  a palfage  through  the  fpi- 
rit? 

Tutor.  It  will  fet  it  on  fire  in- 
ftantly. 
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Lx.  IV.  Take  two  flips  of  com- 
ioon  window-glafs,  about  four  inches 
long,  and  one  inch  broad  ; put  a flip 
of  gold  leaf  between  the  glades,  leav- 
ing a final  1 part  of  it  oiit  at  each  end, 
then  tie  the  giaffes  to  ether,  orprefs 
them  with  a heavy  weight,  and  fend 
thechargeof  the  battery  through  it,  by 
connecling  one  end  of  the  glafs  with 
the  outfide  of  the  jars,  and  bringing 
the  difciiarging*  rod  to  the  other  end, 
and  to  the  wires  of  the  infide  of  the 
battery. 

James.  Will  it  break  the  glafs? 

lut  or.  It  probably  will ; but  whe- 
ther it  does  or  not,  the  gold  leaf  will 
be  forced  into  the  pores  of  the  glafs, 
fo  as  to  appear  like  glafs  ftained 
with  gold,  which  nothing  can  wafh 
away. 
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Ex.  V.  If  the  gold  leaf  be  put  be- 
tween two  cards,  and  a ltrong  charge 
paifed  through  it,  it  will  be  com- 
pletely fufed  or  melted,  the  marks 
of  which  will  appear  on  the  card. 

This  inftrument  (Plate  i.  Fig.  11.) 
called  an  univerfal  difcharger,  is  very 
ufeful  for  palling  charges  through 
many  fubftances.  b b are  glafs  pil- 
lars cemented  into  the  frame  a.  To 
each  of  the  pillars  is  cemented  a 
brafs  cap,  and  a double  joint  for  ho- 
rizontal and  vertical  motions;  on  the 
top  of  each  joint  is  a fpriog  tube, 
which  holds  the  Hiding  wires  c .r, 
c .v,  fo  that  they  may  be  fet  at  va- 
rious diitances  from  each  other,  and 
turned  in  any  direction  ; the  extre- 
mities of  the  wires  are  pointed,  but 
with  ferews,  at  about  half  an  inch 
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,[U1I)  the  points,  to  receive  balls. 
Ihe  table  e d,  inlaid  with  a piece  of 
ivory,  is  made  to  move  up  and  down 
in  a locket,  and  a fcrew  fattens  it  to 
any  required  height  The  rings  c c 
are  very  convenient  for  fixing  a chain 
or  wire  to  them,  which  proceeds  from 
the  conductor. 

Charles.  Do  you  lay  any  thing 
on  the  ivory,  between  the  balls,  when 
\ ou  want  to  fend  the  charge  of  a 
battery  through  it  ? 

Tutor.  Yes ; and  by  drawing  out 
the  wires,  the  balls  may  be  feparated 
to  any  diftance  lefs  thau  the  length 
of  the  ivory.  rlhe  little  figure  h 
(Plate  i.  Fig.  ]2.)  reprefents  a 
prefs,  which  may  be  fubfrituted  in 
the  place  of  the  table  e d : it  con- 
fids  of  two  flat  pieces  of  mahogany, 
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which  may  be  brought  together  by 
fcrews. 

James.  Then  inftead  of  tying  the 
flips  of  glafs  together  in  Ex.  4.  you 
might  have  clone  it  better  by  making 
ufe  of  the  prefs  ? 

Tutor.  I might ; but  I was  wil- 
ling to  fliow  you  how  the  tiling 
might  be  clone  if  no  fuch  apparatus 
as  this  were  at  hand.  The  ufe  of  the 
table  arid  prefs,  which,  in  fa6t,  al- 
ways go  together,  is  for  keeping  fteady 
all  defcriptions  of  bodies  through 
which  the  charge  of  a Angle  jar,  or 
any  number  of  which  a battery  con- 
flfls,  is  to  be  conveyed.  We  -will 
now  proceed  with  the  experiments. 

Ex.  VI.  I will  take  the  knobs 
from  the  wires  of  the  Univerfal  j 
Difcharger,  and  having  laid  a piece 
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of  very  dry  writing-paper  on  the 
table  e,  I place  the  points  of  the 
wires  at  an  inch  or  more  from  one 
another ; then,  by  connecting  one 
of  the  rings  c with  the  outfide  wire 
or  hook  of  the  battery,  and  bringing 
the  difeharging  rod  from  the  other 
ring  c to  one  of  the  knobs  of  the 
battery,  yon  will  fee  that  the  paper 
will  be  torn  to  pieces. 

Ex.  VII.  The  experiment  which  I 
am  now  going  to  make,  you  muft 
never  attempt  by  yourfelves : I put  a 
little  gunpowder  in  the  tube  of  a quill, 
open  at  both  ends,  and  infert  the 
pointed  extremities  of  the  two  wires 
in  it,  fo  as  to  be  within  a quarter  of 
an  inch  or  lefs  from  each  other.  I 
now  fend  the  charge  of  the  battery 
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through  it,  and  the  gunpowder,  you 
fee,  is  inltantly  inflamed. 

Ex.  VIII.  Here  is  a very  (lender 
wire,  not  a hundredth  part  of  an  inch 
in  diameter,  which  I connect  with 
the  wires  of  the  dilcharger,  and  fend 
the  charge  of  a battery  through  it, 
which  will  completely  melt  it,  and 
you  now  perceive  the  little  globules 
of  iron  inftead  of  the  thin  wire. 

Charles.  Will  other  wires  betides 
iron  be  melted  in  the  fame  manner  ? 

Tutor.  Yes,  if  the  battery  be 
large  enough,  and  the  wires  futli- 
ciently  thin,  the  experiment  will  luc- 
ceed  with  them  all ; even  with  a Angle 
jar,  if  it  be  pretty  large,  very  (lender 
wire  may  be  fufed.  But  the  charges 
of  batteries  have  been  uled  to  deter- 
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mine  the  different  conducting  powers 
of  the  fcveral  metals. 

James.  If  the  charge  is  not  throng 
enough  to  melt  the  wire,  will  it  make 
it  ied  hot  ? 

Tutor.  It  will : and  when  the  expe- 
riment is  properly  done,  the  courfe 
of  the  fluid  may  be  difcerned  by  its 
effects  : for  if  the  wire  is  about  three 
inches  long,  it  will  be  leen  that  the 
end  of  it,  which  is  connected  with 
the  infide  of  the  battery,  is  red-hot 
fir  ft,  and  the  rednefs  proceeds  to- 
wards the  other. 

Charles.  That  is  a clear  proof 
that  the  fupei  abundant  electricity  ac- 
cumulated in  the  infide  is  carried  to 
the  outlide  of  the  jars. 

Tutor.  Ex.  IX.  We  fhall  here- 
after difeufs  the  fubjeCl  of  mag- 
v o 
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netifm  : but  by  difcharging  the  bat- 
tery through  a lrnall  fewing  needle, 
it  will  become  magnetic,  that  is,  if 
the  needle  be  accurately  fufpended  on 
a fmall  piece  of  cork  in  a bafon  of 
water,  one  end  will,  of  itfelfj  point 
to  the  north,  and  the  other  to  the 
fouth. 

Ex.  X.  I will  lay  this  chain  on  a 
fheet  of  writing-paper,  and  fend  the 
charge  of  the  battery  through  the 
chain  ; and  you  will  fee  black  marks 
will  be  left  on  the  paper  in  thofe 
places  where  the  rings  of  the  chain 
touch  each  other. 

Ex.  XI.  Place  a fmall  piece  of 
very  dry  wood  between  the  balls  of 
the  univerfal  difcharger,  fo  that  the 
fibres  of  the  wood  may  be  in  the  di- 
rection of  the  wires,  and  pafs  the 
charge  of  the  battery  through  them, 
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and  the  wood  will  be  torn  in  pieces. 
The  points  of  the  wires  being  run  into 
the  wood,  and  the  lliock  pafjecl  thro' 
them,  will  effect  the  fame  thing. 

Ex.  XII.  Here  is  a glafs  tube, 
open  at  both  ends,  fix  inches  long, 
and  a quarter  of  an  inch  in  diameter, 
Tliefe  pieces  of  cork,  with  wires  in 
them,  exactly  lit  the  ends  of  the  tube. 
I put  in  one  cork,  and  fill  the  tube 
with  water,  then  put  the  other  cork 
in,  and  pufh  the  wires  lb  that  they 
nearly  touch,  and  pals  the  charge  of 
the  battery  through  them,  you  fee 
the  tube  is  broken,  and  the  water  dif- 
perfed  in  every  direction  *, 

* To  prevent  accidents,  a wire  cage,  fuch 
as  is  ufed  in  fomc  experiments  on  the  air-pump, 
fhouldbe  put  over  the  tube  before  the  difeharge 
is  made  ; ) oung  perfons  fhould  not  attempt  this 
expciiment  by  themfelves, 
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Charles.  It  water  is  a good  con- 
ductor, how  is  it  that  the  charge  did 
not  run  through  it  without  breaking 
the  tube  ? 

Tutor.  The  eleCtric  fluid,  like 
common  fire,  converts  the  water  into 
an  highly  elaftic  vapour,  which,  oc- 
cupying very  fuddenly  a much  larger 
fpace  than  the  water,  burfts  the  tube 
before  it  can  effeCt  any  means  of 
efcape. 


CONVERSATION  X. 


Of  the  EleRric  Spark,  and  Mifcel- 
taneous  Experiments. 

IZhTOR.  I with  you  to  obferve 
fome  fadts  connected  with  the  elec- 
ric  fpark.  By  means  of  the  wire 
inierted  in  this  ball,  I fix  it  to  the 
end  of  the  conductor,  and  bring 
either  another  brals  ball,  or  my 
knuckle  to  it,  and  if  the  ma- 
chine adt  pretty  powerfully,  a long, 
crooked,  brilliant  fpark  will  pafs  be- 
tween the  two  balls,  or  between  the 
knuckle  and  ball.  If  the  condudlor 


104- 


ELECTRICITY. 


is  negative,  it  receives  the  fpark  from 
the  body  ; but  if  it  is  politive,  the 
ball  or  the  knuckle  receives  the  fpark 
from  thh  conductor. 

Charles.  Does  the  fize  of  the 
fpark  depend  at  all  on  the  fize  of  the 
conductor  ? 

Tutor.  The  fongeft  and  large  ft 
fparks  are  obtained  from  a large  con- 
ductor, provided  the  machine  act 
Very  powerfully.  When  the  quan- 
tity of  electricity  is  final!,  the  fpark 
is  ftraiglit;  but  when  it  is  ltrong, 
and  capable  of  ftriking  at  a greater 
diltance,  it  affumes  what  is  called  a 
zig-zag  direction. 

James.  If  the  eleCtric  fluid  is  fire, 
why  does  not  the  fpark,  which  ex- 
cites a painful  fenfatjoti,  burn  me, 
when  I receive  it  on  my  hand  ? 


ELECTRIC  SPARK. 


105 

Tutor.  Ex.  I.  I have  /hown  you 
that  the  charge  from  a battery  will 
make  iron  wire  red  hot,  and  inflame 
gunpowder.  Now  (land  on  the  (tool 
with  glafs  legs,  and  hold  the  chain 
from  the  conductor  with  one  hand. 
Do  you,  Charles,  hold  this  fpoon. 
which  contains  fome  fpirit  of  wine, 
to  your  brother,  while  I turn  the 
machine,  and  a lpark  taken  from  his 
knuckle,  if  large,  will  let  fire  to  the 
lpirit. 

Charles.  It  has  indeed  : did  you 
do  nothing  with  the  fpirit  ? 

Tutor.  I only  made  the  filver 
fpoon  pretty  warm  before  I put  the 
fpirit  into  it. 

Ex.  II.  If  a ball  of  box-wood  be 
placed  on  the  conductor  injtead  of 
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the  brafs  ball,  a fpark  taken  from  it 
will  be  of  a fine  red  colour. 

Ex.  III.  An  ivory  ball  placed  ou 
the  conductor  will  be  rendered  very 
beautiful  and  luminous  if  a ftrong 
Ipark  betaken  through  its  center. 

Ex.  IV.  Sparks  taken  over  a piece 
of  filver  leather  appear  of  a green 
colour,  and  over  gilt  leather  of  a red 
colour. 

Ex.  V.  Here  is  a glafs  tube, 
(Plate  i.  Fig.  13.)  round  which,  at 
final!  diftances  from  each  other, 
pieces  of  tin  foil  are  pafted  in  afpiral 
form  from  end  to  end  j this  tube  is 
enclofed  in  a larger  one,  fitted  with 
brafs  caps  at  each  end,  which  are 
connected  with  the  tin  foil  of  the 
inner  tube. — I hold  one  end  a in 
my  hand,  and  while  one  of  you  turn 
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the  machine,  I will  prelent  the  other 
end  r to  the  conductor,  to  take  fparks 
from  it : but  firft  Ihut  the  window 
ih  utters. 

Charles.  This  is  a very  beautiful 
experiment. 

Tutor.  The  beauty  of  it  confifts 
in  the  diftance  which  is  left  between 
the  pieces  of  tin  foil,  and  by  in- 
creafine:  the  number  of  thefe  dii- 
tances,  the  brilliancy  is  very  much 
heightened. 

Ex.  VI.  The  following  is  another 
experiment  of  the  fame  kind  : Here 
is  a word,  with  which  you  are  ac- 
quainted (Plate  ii.  Fig.  I k)  made 
on  glafs,  by  means  of  tin  foil  paflcd 
on  glafs,  fixed  in  a frame  of  baked 
wood.  I hold  the  frame  in  my.  hand 
at  it,  and  prefect  the  ball  g to  the 
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condu6ior,  and  at  every  confiderabie 
fpark  the  word  is  beautifully  illu- 
minated. 

Ex.  VII.  A piece  of  fponge  filled 
with  water,  and  hung  to  a conductor, 
when  electrified  in  a dark  room,  ex- 
hibits a beautiful  appearance. 

Ex.  VIII.  This  bottle  is  charged  : 

o 

if  I bring  the  brai's  knob  that  ftands 
out  of  it,  to  a bafm  of  water  which 
is  infulated,  it  will  attract  a drop ; 
and,  on  the  removal  of  the  bottle,  k 
will  afifume  a conical  fiiape,  and  if 
brought  near  anv  conducting  fub- 
ftance,  it  will  fly  to  it  in  luminous 
ltreams. 

Ex.  IX.  Place  a drop  of  water  on 
the  conductor,  and  work  the  ma- 
chine,  the  drop  will  afford  a long 
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fpark,  affume  a conicfal  figure,  and 
carry  fome  of  the  water  with  it. 

Ex.  X.  On  this  wire  I have  fixed 
a piece  of  fealing-wax,  and  having 
fixed  the  wire  into  the  end  of  the 
conductor,  I will  light  the  wax,  and 
the  moment  the  machine  is  worked, 
the  wax  will  fly  off  in  the  fineft  fila- 
ments imaginable. 

Ex.  XI.  I will  wrap  fome  cotton- 
wool round  one  of  the  knobs  of  my 
difeharging  rod,  and  fill  the  wool 
with  finely  bruifed  refin  ; I now  dif- 
charge  a Leyden  jar,  or  a battery  in 
the  common  way,  and  the  wool  is  in- 
ftantly  in  a blaze.  The  covered  knob 
muft  touch  the  knob  of  the  jar,,  and 
the  difcharge  fhould  be  effected  as 
quickly  as  poffible. 
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You  will  remember,  that  the  elec- 
tric fluid  always  chufes  the  neared 
road,  and  the  heft  condudtors  to  tra- 
vel by  ; in  proof  of  which  take  the 
following  experiment : — 

Ex.  XII.  With  this  chain  I make 
a fort  of  W,  (Plate  i.  Fig.  15.)  the 
wire  w touches  the  outfcle  of  a 
charged  jar,  and  the  wire  »r  is  brought 
to  the  knob  of  the  jar,  and  in  the 
dark  a brilliant  W is  vifible.  But  if 
the  wire  w is  continued  to  m,  the 
electric  fluid  takes  a fhorter  road  to 
a*,  and,  of  courfc,  only  half  of  the 
W is  feen,  viz.  that  part  marked  m 
z y : but  if,  inftead  of  the  wire  rv  m , 
a dry  flick  be  laid  in  its  place,  the 
electric  matter  will  prefer  a longer 
circuit,  rather  than  go  through  a bad 
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conductor,  and  the  whole  W will  be 
illuminated. 

Ex.  XIII.  Here  is  a two  ounce 
phial  half  full  of  faliad  oil,  through 
the  cork  is  palled  a piece  of  (lender 
wire,  the  end  of  which,  within  the 
phial,  is  fo  bent  as  to  touch  the  glafs 
juft  below  the  lurface  of  the  oil.  I 
place  my  thumb  oppofite  the  point 
of  the  wire  in  the  bottle,  and  in  that 
pofition  take  a fpark  from  the  charged 
condu&or.  You  obferve  that  the 
fpark,  to  get  to  my  thumb,  has  ac- 
tually perforated  the  glafs.  In  the 
fame  way  I can  make  holes  all  round 
the  phial. 

Charles.  Would  the  experiment 
fucceed  with  water  inftead  of  oil  ? 

Tutor.  No,  it  would  not. 

O / 
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James.  At  any  rate  we  fee  the 
eourfeof  the  electric  fluid  in  this  ex- 
periment, for  the  fpark  comes  from 
the  conductor  down  the  wire,  and 
through  the  glafs  to  the  thumb. 

Tutor.  Its  direction  is,  however, 
better  fhown  in  this  way. 

Ex.  XIV.  At  that  end  of  the 
conductor  which  is  fartheft  from  the 
machine,  I fix  a brafs  wire  about  fix 
inches  long,  having  a fmall  brafs  ball 
on  its  extremity.  To  this  ball,  when 
the  machine  is  at  work,  I hold  the 
flame  of  a wax  taper. 

Charles.  The  flame  is  evidently 
blown  from  the  ball  in  the  direction 
of  the  eledtric  fluid  ; it  has  a fimilar 
effect  to  the  blaft  of  a pair  of  bellows. 

Ex.  XV.  I will  fix  a pointed  wive 
upon  the  prime. condudlor,  with  the 
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point  outward,  and  another  like  wire 
upon  the  infulated  rubber : — fhut  the 
window  fhutter,  and  I will  work  the 
machine  : — now  oblerve  the  points 
©f  the  two  wires. 

James.  They  both  are  illuminated, 
but  differently.  The  point  on  the 
conductor  fends  out  a fort  of  brufli 
of  fire,  but  that  on  the  rubber  is  il- 
luminated with  a ftar. 

Tutor.  You  fee  then  the  difference 
between  the  pofitive  and  negative 
cleft  ri  city. 


CONVERSATION  XI* 


Mifcellaneous  Experiments : of  the 
Electrophones ; of  the  Eleclrome. ■* 
ter,  and  the  Thunder  Houfe. 

TUTOR.  I fhall  proceed  this 
morning  with  fome  other  experi- 
ments on  the  electrical  machine. 

Ex.  I.  Here  are  two  wires,  one 

t * * 

of  which  is  connected  with  the  out- 
fide  of  this  charged  Leyden  jar,  the 
other  is  fo  bent  as  eafily  to  touch  the 
knob  of  the  jar.  The  two  {trait  ends 
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I bring  within  the  diftance  of  the 
tenth  of  an  inch  of  one  another,  and 
prefs  them  down  with  my  thumb, 
apd  in  this  pofition,  having  darkened 
the  room,  I difcharge  the  jar:  do 
you  look  upon  my  thumb. 

Charles.  It  was  fo  tranfparent 
that  I think  I even  law  the  bone  of 
the  thumb : but  did  it  not  hurt  you 
very  much  ? 

Tutor.  With  attention,  you  might 
obferve  the  principal  blood  velfels,  I 
believe,  and  the  only  inconvenience 
that  I felt  was  a fort  of  tremor  in  my 
thumb,  which  is  by  no  means  pain- 
ful. Had  the  wires  been  at  double 
the  difiance,  the  fhock  would  have 
probably  made  my  thumb  the  cir- 
cuit, which  muft  have  caufed  a more 
powerful  and  unpleafant  fenfation, 
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but  being  fo  clofe,  the  elcdlric  fluid 
leaped  from  one  wire  to  the  other, 
and  during  this  paffage  it  illuminated 
my  thumb,  but  did  not  go  through 
it. 

Ex.  II.  If,  inftead  of  my  thumb, 
a decanter  full  of  water,  having  a 
flat  bottom,  were  placed  on  the  wires, 
and  the  difcharge  made,  the  whole 
of  the  water  will  be  beautifully  illu- 
minated. 

Ex.  III.  This  finall  pewter  bucket 
is  full  of  water,  and  I fufpend  it  from 
the  prime  conductor,  and  put  in  a 
glafs  fyphon,  with  a bore  fo  narrow 
that  the  water  will  hardly  drop  out. 
See  what  will  happen  when  I work 
the  machine,  but  firfl  make  the  room 
dark. 
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James.  It  runs  now  in  a full 
ft  ream,  or  rather  in  feveral  ftreams, 
all  of  which  are  illuminated. 

Tutor.  Ex.  IV.  If  the  knob  a, 
(Plate  ir.  Fig.  1.6,)  communicate 
with  the  outfide  of  a charged  Leyden 
jar,  and  the  knob  b with  the  infide 
coating,  and  each  be  held  about  two 
inches  from  the  lighted  candle  x, 
and  oppofite  to  one  another,  the  flame 
will  fpread  towards  each,  and  a dif- 
charge  will  be  made  through  it: 
this  fliows  the  conducing  power  of 
flame. 

r 

This  inftrument,  (Platen.  Fig.  17.) 
which  confifts  of  two  circular  plates, 
of  which  the  larsceft  u is  about  fifteen 
inches  in  diameter,  and  the  other  a 
14  inches,  is  called  an  electrometer. 
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The  under  plate  b is  made  of  glafs, 
or  fealing-wax,  or  of  any  other  non- 
condudling  fubftance ; I have  made 
one  with  a mixture  of  pitch  and 
chalk  boiled  together.  The  upper 
plate  a is  fometimes  made  of  brafs, 
and  fometimes  of  tin  plate,  but  this 
is  of  wood,  covered  very  neatly  with 
tin  foil : .r  is  a glafs  handle  fixed 
to  a locket,  by  which  the  upper 
plate  is  removed  from  the  under 
one. 

Charles.  What  do  you  mean  by 
an  ele&rophorus  ? 

Tutor.  It  is,  in  fa 61,  a fort  of 
fimple  electrical  machine,  and  is  thus 
ufed.  Rub  the  lower  plate  b with  a 
fine  piece  of  new  flannel,  or  with 
rabbits’,  or  hares’,  or  cats’  fkin, 
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and  when  it  is  well  excited,  place 
upon  it  the  upper  plate  a,  and 
put  your  finger  on  the  upper  plate ; 
then  remove  this  plate  by  the  glafs 
handle  .r,  and  it  you  apply  your 
knuckle,  or  the  knob  of  a coated 
jar,  you  will  obtain  a lpark.  This 
operation  may  be  repeated  many 
times  without  exciting  again  the 
under  plate. 

James.  Can  you  charge  a Leyden 
jar  in  this  way  ? 

Tutor.  Yes,  it  has  been  done,  and 
by  a fingle  excitation,  fo  as  to  pierce 
a hole  through  a card. 

Here  is  another  kind  of  electrome- 
ter, (Plate  11.  Fig.  18.)  which  is  by 
far  the  moft  fenfible  that  has  been  yet 
invented ; that  is,  it  is  capable  of  dif- 
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covering  the  fmalleft  quantities  of 
cle6tricity.  a is  a glafs  jar,  b the 
cover  of  metal,  to  which  is  attached 
two  pieces  of  gold  leaf  .v,  or  tVvo  pith 
balls  fulpended  on  threads  ; on  the 
fides  of  the  glafs  jar  are  two  narrow 
ftrips  of  tin  foil. 

Charles.  How  is  this  inftrument 
ufed  ? 

Tutor.  Any  thing  that  is  electri- 
fied is  to  be  brought  to  the  cover, 
which  will  caufe  the  pieces  of  gold 
leaf,  or  pith  balls,  to  diverge ; and 
the  fenfibility  of  this  inftrument  is  fo 
great,  that  the  brufli  of  a feather, 
the  throwing  of  chalk,  hair-powder, 
or  dufi,  againfl  the  cap  b,  evinces 
ftrong  figns  of  electricity. 

Ex.  V.  Place  on  the  Cap  b a little 
pewter,  or  any  other  metallic  cup. 
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having  fome  water  in  it ; then  take 
trom  the  fire  a live  cinder,  and 
put  it  in  the  cup,  and  the  elec- 
tricity of  vapour  is  Very  admirably 
exhibited. 

A thunder  cloud  palling  over  this 
inflrument,  will  caufe  the  gold  leaf 
to  itrike  the  tides  at  every  flafh  of 
lightning. 

o o 

Ex.  VI.  I will  excite  this  ftick  of 
fealing  wax,  and  bring  it  to  the  co- 
ver b, — you  fee  how  often  it  caufes 
the  gold  leaf  to  itrike  again  ft  the 
tides  of  the  glafs. 

Janies . Are  the  flips  of  tin  foil 
intended  to  carry  away  the  elec- 
tric fluid  communicated  by  the  ob- 
je8s  prefented,to  the  cap  b ? 

Tutor.  They  are;  and  by  them 
the  equilibrium  is  reftored. 

VOL.  VI. 
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Of  ■ Atmofphcrical  EleSlricity, 

CHARLES.  You  faid  yefterday, 

that  the  electrometer  was  aflfeCted  bv 

¥ 

thunder  and  lightning:  are  lightning 
and  eleCtrieity  fimilar  ? 

Tutor.  They  are,  undoubtedly, 
the  lame  fluid ; and  that  they  are 
the  fame  was  difcovered  by  Dr, 
Franklin  more  than  half  a century 
ago. 

James.  How  did  he  afeertain  this 

ftft? 
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Tutor.  He  was  led  to  form  the 
theory,  from  obferving  the  power 
which  uninfulated  points  have  in 
drawing  of  the  electricity  from  bo- 
dies. And  having  made  his  fyftem, 
he  was  waiting  for  the  ereCtion  of  a 
fpire,  in  Philadelphia,  to  carry  his 
views  into  execution,  when  it  oc- 
curred to  him  that  a boy’s  kite  would 
anfwer  his  purpofe  better  than  a fpire. 
He  therefore  prepared  a kite,  and 
having  raifed  it,  he  tied  to  the  end 
of  the  firing  a filken  cord,  by  which 
the  kite  was  completely  infulated. 
At  the  junction  of  the  two  ftrings  he 
fattened  a key  as  a good  conductor, 
in  order  to  take  fparks  from  it. 

Charles.  Did  he  obtain  any  fparks? 

Tutor.  One  cloud,  which  appeared 
like  a thunder-cloud,  palled  without 
si  2 
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any  effeCt;  fliortly  after,  the  loofe 
threads  of  the  hempen  firing  fiood 
creel,  in  the  fame  manner  as  they 
would  if  the  firing  had  been  hung  on 
an  electrified  inhibited  conductor.  He 
then  prefented  his  knuckle  to  the  key, 
and  obtained  an  evident  fpark.  Others 
fucceeded  before  the  firing  was  wet, 
but  when  the  rain  had  wetted  the 

/ 

firing,  he  collected  the  electricity 
very  plentifully  : 

Led  by  the  phofphor  light,  with  daring 

tread, 

r 

Immortal  Franklin  fought  the  fiery  bed ; 
Where,  nurfed  in  night,  incumbent  tempeft 
fhrouds 

The  feeds  of  thunder  in  circumfluent  clouds, 
Befieged  with  iron  points  his  airy  cell, 

-And  pierced  the  monfler  flumbering  in  the 
fit  ell. 


Da  aw  lit. 
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James.  Could  I do  fo  with  our 
large  kite? 

Tutor.  I hope  you  will  not  try 
to  raife  your  kite  during  a thunder 
florin,  becaufe,  without  very  great 
care,  it  may  be  attended  with  the  moil 
ferious  danger : your  kite  is,  how- 
ever, quite  large  enough,  being  four 
feet  high,  and  two  feet  wide ; every 
thing  depends  on  the  firing,  which, 
according  to  Mr.  Cavallo,  who  has 
made  many  experiments  on  the  fub- 
je6l,  fhould  be  made  of  two  thin 
threads  of  twine,  twilled  with  a cop- 
per thread.  And  to  Mr.  Cavallo’s 
work  on  eledlricity,  vol.  n.  fuch  per- 
fons  as  are  defirous  of  railing  kites, 
for  ele<5trical  purpofes,  flioukl  be  re- 
ferred, in  which  they  will  find  ample 
inftru&ion. 

M 3 
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Charles.  How  do  the  condudors, 
which  I have  feen  fixed  to  various 
buildings,  ad  in  difperfing  lightning? 

Tutor.  You  know  how  eafy  it  is 
to  charge  a Leyden  jar  : but  if,  when 
the  machine  is  at  work,  a perfon 
hold  a point  of  fteel,  or  other  metal, 
near  the  condudor,  the  great  part  of 
the  fluid  will  run  away  by  that  point 
inftead  of  proceeding  to  the  jar. 
Hence  it  was  concluded  that  pointed 
rofls  would  filently  draw  away  the 
lightning  from  clouds  palling  over 
any  building. 

James.  Is  there  not  a particular 
method  of  fixing  them  ? 

Tutor.  Yes:  the  metallic  rod  muft 
reach  from  the  ground,  or  the  neareft 
piece  of  water,  to  a foot  or  two  above 
the  building  it  is  intended  toproted, 
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and  the  iron  rod  ihould  come  to  a 
fine  point:  fome  electricians  recom- 
mend that  the  point  fhould  be  of 
gold,  to  prevent  its  rufting. 

Charles.  What  etfeCts  would  lie 
produced  if  lightning  lliould  ftrike  a 
building  without  a conductor  ? 

Tutor.  That  may  be  beft  ex- 
plained by  informing  you  of  what 
happened,  many  years  ago,  to  St. 
Bride's  church.  The  lightning  fir  ft 
ftruck  the  weather-cock,  from  thence 
defeending  in  its  progrefs,  it  beat  out 
a number  of  large  hones  of  different 
heights,  fome  of  which  fell  upon  the 
roof  of  the  church,  and  did  great 
damage  to  it.  The  mifehief  done  to 
the  ftecple  was  fo  confiderable,  that 
eighty-five  feet  of  it  was  obliged  to 
be  taken  down. 
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James.  The  weather-cock  was 
probably  made  of  iron,  why  did  not 
that  a<5t  as  a conductor  ? 

Tutor.  Though  that  was  made  of 
iron,  yet  it  was  completely  infulated 
by  being  fixed  in  ftone,  that  had  be- 
come dry  by  much  hot  and  dry  wea- 
ther. When  therefore  the  lightning 
had  taken  poffeflion  of  the  weather- 
cock, by  endeavouring  to  force  its 
\vray  to  another  conductor,  it  beat 
down  whatever  ftood  in  its  way. 

Charles.  The  power  of  lightning 
mull  be  very  great. 

Tutor.  It  is  irrefiftible  in  its  ef- 
fects ; the  following  experiment  will 
illuftrate  what  I have  been  faying. 

Ex.  I.  a is  a board,  (Plate  ir. 
Fig.  Ip.)  reprefents  the  gable  end 
of  a houfe : it  is  fixed  on  another 
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board  b : a,  b,  c,  d.  is  a fquare  hole 
to  which  a piece  of  wood  is  fitted ; 
a d reprefents  a wire  fixed  diagon- 
ally on  the  wood  a,  b,  c,  d;  x b ter- 
minated by  a knob  x,  reprefents  a 
weather-cock,  and  the  wire  c z is 
fixed  to  the  board  a. 

It  is  evident,  that  in  the  ftate  in 
which  it  is  drawn  in  the  figure,  there 
is  an  interruption  in  the  conducting 
rod  ; accordingly,  if  the  chain  m is 
connected  with  the  outtide  of  a Ley- 
den phial,  and  then  that  phial  is  dif- 
charged  through  x , by  bringing  one 
part  of  the  difeharging  rod  to  tlio 
knob  of  the  Leyden  phial,  and  the 
other  to  within  an  inch  or  two  of 
x,  the  piece  of  wood  a,  b,  c,  d \ will 
be  thrown  out  with  violence. 
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James.  Are  we  to  underftand  by 
this  experiment  that  if  the  wire  x b 
had  been  continued  to  the  chain, 
that  the  electric  fluid  would  have 
run  through  it  without  difturbing  the 
loofe  board  ? 

Tutor.  Ex.  II.  Juft  fo;  for  if  the 
piece  of  wood  be  taken  out,  and  the 
part  a be  put  to  the  place  b,  then  d 
will  come  to  c,  and  the  conducting 
rod  will  be  compleat,  and  continued 
from  x through  a and  d to  z , and 
_ now  the  phial  may  be  difcharged  as 
often  as  you  pleafe,  but  the  wood 
will  remain  in  its  place,  becaufe  the 
ele6tric  fluid  runs  through  the  wire 
to  z,  and  makes  its  way  by  the  chain 
to  the  outfide  of  the  phial. 

Charles.  Then  if  x be  fuppofed 
the  weather-cock  of  the  church,  the 
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lightning  having  overcharged  this, 
by  its  endeavours  to  reach  another  * 
conductor,  as  c z,  it  forced  away  the 
ftone  or  ft  ones  reprefented  by  a 6 c cl? 

Tutor.  That  is  what  I meant  to 
convey  to  your  minds  by  thefirft  ex- 
periment; and  the  fecond  thows  very 
clearly,  that  if  an  iron  rod  had  gone 
from  the  weathercock  to  the  ground, 
without  interruption,  it  \^ould  have 
conduced  away  the  electricity  filent- 
ly,  and  without  doing  any  injury  to 
the  church. 

James.  Plow  was  it  that  all  the 
ftones  were  not  beat  down  ? 

Tutor.  Becaufe,  in  its  palfage 
downwards,  it  met  with  many  other 
conductors.  I will  read  part  of  what 
Dr.  Watfon  fays  on  this  faCt,  who  ex- 
amined it  very  attentively 
i 
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<c  The  lightning,”  fays  he,  “ fir  ft 
took  a weathercock,  which  was  fixed 
at  the  top  of  the  fteeple,  and  was  con- 
ducted without  injuring  the  metal  or 
any  thing  elfe,  as  low  as  where  the  large 
iron  bar  or  fpindle  which  fupported 
it  terminated,  there  the  metallic  com- 
munication ceafing,  part  of  the  light- 
ning exploded,  cracked,  and  flut- 
tered the  obelifk,  which  terminated 
the  fpire  of  the  fteeple,  in  its  whole 
diameter,  and  threw  off,  at  that  place, 
feveral  large  pieces  of  Portland  flone. 
Here  it  likewife  removed  a flone  from 
its  place,  but  not  far  enough  to  be 
thrown  down.  From  thence  the 
lightning  feemed  to  haverufhed  upon 
two  horizontal  iron  bars,  which  were 
placed  within  the  building  crofs  each 
other.  At  the  end  of  one  of  thefe 
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iron  bars,  it  exploded  again,  and 
threw  off  a confidcrable  quantity  of 
itone.  Almoft  all  the  damage  was 
done  where  the  ends  of  the  iron  bars 
had  been  inferted  into  the  ftone,  or 
placed  under  it ; and,  in  fome  places, 
its  paffage  might  be  traced  from  one 
iron  bar  to  another.'’ 

The  thunder  holds  his  black  tremendous  throne: 
From  cloud  to  cloud  the  rending  lightnings  rage  ; 
Till,  in  the  furious  elemental  war 
Diflolved,  the  whole  precipitated  uaafs 
Unbroken  floods  and  folid  torrents  pours. 

Thomson. 
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CONVERSATION  XIII. 


On  Atmofpheric  Electricity  : of  Fall- 
ing Stars  : of  the  Aurora  Borealis : 
of  Water- fpouts  and  Whirlwinds  : 
of  Earthquakes. 

CHARLES.  Does  the  air  always 
contain  electricity  ? 

Tutor.  Yes,  and  It  is  owing  to 
the  electricity  of  the  atmofphere  that 
we  obferve  a number  of  curious  and 
interefting  phenomena,  fuch  as  fall- 
ing ftars  -}  the  aurora  borealis,  or 
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northern  lights  ; the  ignis  fatuus,  or 
Will-with-the-wifp. 

James.  I have  frequently  feen 
what  people  call  falling  ftars,  but  I 
never  knew  that  they  were  occa- 
fioned  merely  by  ele&ricity. 

Tutor.  Thefe  are  feen  chiefly  in. 
clear  and  calm  weather : it  is  then 
that  theele6lric  fluid  is  probably  not 
very  ftrong,  and  pafling  through  the 
air  it  becomes  vifible  in  particular 
parts  of  its  paffage,  according  to  the 
conducing  fubftances  it  may  meet 
with.  One  of  the  moil  fti  iking  phe-r 
nomena  of  this  kind  is  recorded  by 
Signior  Beccaria : — As  he  was  fit- 
ting with  a friend  in  the  open  air, 
an  hour  after  fun-fet,  theyfaw  a fall- 
ing, or  as  it  is  fometimes  called,  a 
/hooting  ftar,  directing  its  courfe  to- 

i 
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wards  them,  growing,  apparently, 
larger  and  larger,  till  it  difappeared 
not  far  from  them,  and  difappearing 
it  left  their  faces,  hands,  and  cloaths> 
with  the  earth  and  neighbouring  ob- 
jects, fuddenly  illuminated  with  a 
diffufed  and  lambent  light,  attended 
with  no  noife  at  all. 

Charles.  But  how  did  he  know 
that  this  was  only  the  effect  of  elec- 
tricity ? 

Tutor.  Becaufe  he  had  previoufly 
raifed  his  kite,  and  found  the  air 
very  much  charged  with  the  electric 
matter : fometimes  he  faw  it  advanc- 
ing to  his  kite  like  a falling  liar  ; and 
fometimes  he  faw  a kind  of  glory 
round  it,  which  followed  it  as  it 
changed  its  place. 
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James.  Since  lofty  obje&s  are  ex- 
pofed  to  the  effe&s  of  lightning,  or 
the  electric  fluid,  do  not  the  tali 
malls  of  iliips  run  confiderable  rifk 
of  being  ftruck  by  it  r 

Tutor.  Certainly  : we  have  many 
inftances  recorded  of  the  mifchief 
done  to  lhips.  One  of  which  is  re- 
lated in  the  Philofophical  Tranfac- 
tions  \ it  happened  on  board  the 
Montague,  on  the  4th  of  November, 
1748,  in  lat.  42°  48'  and  9°  3'  weft 
longitude,  about  noon.  One  of  the 
quarter  mailers  defired  the  mafter  of 
the  vefl’el  to  look  to  the  windward, 
when  he  obferved  a large  ball  of  blue 
fire,  rolling  apparently  on  the  fur- 
face  of  the  water,  at  the  diftance  of 
three  miles  from  them  : it  rofe  al- 
moft  perpendicular  when  it  was  witlj* 
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in  forty  or  fifty  yards  from  the  main 
chains  of  the  fhip,  it  then  went  off 
with  an  explofion,  as  if  an  hundred 
cannon  had  been  fired  at  one  time, 
and  left  fo  great  a fmell  of  fulphur, 
that  the  fhip  feemed  to  contain  no- 
thing elfe.  After  the  noife  had  fub- 
fided,  the  main-top-maft  was  found 
fhattered  to  pieces,  and  the  maft  it- 
felf  was  rent  quite  down  to  the  keel. 
Five  men  were  knocked  down,  and 
one  of  them  greatly  burnt  by  the  ex- 
plolion. 

Charles . Did  it  not  feem  to  be  a 
very  large  ball  to  have  produced  fuch 
effects  ? 

Tutor.  Yes  : the  perfon  who  no- 
ticed it  faid  it  was  as  big  as  a mill- 
fto  ue. 
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The  aurora  borealis  is  another  elec- 
trical phenomenon  : this  is  admitted 
without  any  limitation,  becauie  elec- 
tricians can  readily  imitate  the  ap- 
pearance with  their  experiments. 

James.  It  mull  be,  I ihould  think, 
on  a very  fmall  fcale. 

Tutor.  True : there  is  a glafs  tube 
about  thirty  inches  long,  and  the 
diameter  of  it  is  about  two  inches ; 
it  is  nearly  exhaufted  of  air,  and 
capped  on  both  ends  with  brafs.  I 
now  connect  thele  ends,  by  means  of 
a chain,  with  the  politive  and  nega-  ^ 
tive  part  of  a machine,  and  in  x 
darkened  room,  you  will  fee,  when 
the  machine  is  worked,  all  the  ap- 
pearances of  the  northern  lights  ia 
the  tube. 
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Charles.  Why  is  it  neceffary 
nearly  to  exhauft  the  tube  ? 

Tutor.  Becaufe  the  air,  in  its  na- 
tural ftate,  is  a very  bad  conductor 
of  the  ele6tric  fluid  ; but  when  it 
is,  perhaps,  rendered  fome  hundred 
times  rarer  than  it  ufuaily  is,  the 
eledhic  fluid  darts  from  one  cap  to 
the  other  with  the  greateft  eafe. 

James.  But  we  fee  the  natural 
aurora  borealis  in  the  air. 

Tutor.  We  do  fo,  but  it  is  in  the 
higher  regions  of  the  atmofphere, 
where  the  air  is  much  rarer  than  it 
is  near  the  furface  of  the  earth.  The 
experiment  which  you  have  juft  feen 
accounts  for  the  darting  and  undu- 
lating motion  which  takes  place  be- 
tween the  oppofite  parts  of  the  hea- 
vens. The  aurora  borealis  is  the  moft 
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beautiful  and  brilliant  in  countries  in 
the  high  northern  latitudes,  as  in 
Greenland  and  Iceland. 

Charles.  I remember  the  lines  on 
this  fubject : 

By  dancing  meteors  then  that  ceafelefs  fhake, 

A waving  blaze  refratted  o’er  the  heavens. 

And  vivid  moons  and  ftars  that  keener  play 
With  double  lultre  from  the  gloffy  wafte, 

Ev’n  in  the  depth  of  polar  night,  they  End 
A wond’rous  day ; enough  to  light  the  chafe. 
Or  guide  their  daring  fteps  to  Finland  fairs. 

Tutor.  The  aurora  borealis  that 
was  feen  in  this  country  on  the  23d 
of  06tober,  the  prefent  year,  (1804) 
is  deferving  of  notice.  At  feven  in 
the  evening,  a luminous  arch  was  feen 
from  the  centre  of  London,  extend- 
ing from  one  point  of  the  horizon, 
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about  s.  s.w.  to  another  point  n.  n.  w. 
and  palling  the  middle  of  the  con- 
ftellation  of  the  Great  Bear,  which 
it,  in  a great  meafure,  obfcured.  It 
appeared  to  confift  of  Alining  vapour, 
and  to  roll  from  the  fouth  to  the 
north.  In  about  half  an  hour  its 
courfe  was  changed ; it  then  became 
vertical,  and  about  nine  o’clock  it 
extended  acrofs  the  heavens  from 
x.  e.  to  s.  w.  ; at  intervals,  the  con- 
tinuity of  the  luminous  arch  was 
broken,  and  there  then  darted  from 
its  loath-weft  quarter,  towards  the 
geuith,  itrong  flalhes  and  ftreaks  of 
bright  red,  fimilar  to  what  appears 
in  the  atmofphere  during  a great  fire 
in  any  part  of  the  metropolis.  For 
feveral  hours  the  atmofphere  was  as 
light  in  the  fouth-weft  as  if  the  fun 
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had  fet  but  half  an  hour ; and  the 
light  in  the  north  refembled  the 
ftrorig  twilight  which  marks  that 
part  of  the  horizon  at  Midfu miner. 
Thomfon,  fpeaking  of  the  aurora  bo- 
realis, and  other  meteors,  fays 

Silent  from  the  north, 

A blaze  of  meteors  {hoots  ; enfweeping  firft 
The  lower  Ikies,  they  all  at  once  converge 
High  to  the  crown  of  heav’n,  and  all  at  once 
Relapfing  quick,  as  quickly  rc-afeend, 

And  mix  and  thwart,  extinguifh  and  renew. 
All  sther  courfing  in  a maze  of  light. 

James.  How  do  you  account,  fir, 
for  the  Will-with-the-wifp,  or  Jaek- 
a-lanthorn,  that  is  clofe  to  the  ground 
where  the  air  is  thickeft? 

Tutor.  This  is  a meteor  which 
feldcm  appears  more  than  fix  feet 
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above  the  ground  ; it  is  always  about 
bogs  and  fwampy  places,  and  thefe, 
-in  hot  weather,  emit  what  is  called 
inflammable  air,  which  is  eafily  fot 
fire  to  by  the  electric  fpark.  Thefe, 
therefore,  as  you  fhall  fee  in  our  che- 
mical experiments,  we  can  as  readily 
imitate  as  the  aurora  borealis. — In 
fame  parts  of  Italy,  meteors  of  this 
kind  are  frequently  very  large,  and 
give  a light  equal  to  that  of  a 
torch. 

Water -fpouts,  which  arefometimes 
feen  at  fea,  are  fuppofed  to  arife  from 
the  power  of  electricity. 

Charles.  1 have  heard  of  thefe, 
but  I thought  that  water-fpouts  at 
lea,  and  whirlwinds  and  hurricanes 
by  land,  were  produced  folely  by  the 
. force  of  the  wind. 
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Tutor.  The  wind  is,  undoubtedly, 
one  of  the  caufes,  but  it  will  not  ac- 
count for  every  appearance  conceded 
with  them.  Water-fpouts  are  often 
ieen  in  calm  weather,  when  the  fea 
feems  to  boil,  and  fend  up  a fmoke 
under  them,  riling  in  a fort  of  hill 
towards  the  fpout.  A rumbling  noife 
is  often  heard  at  the  time  of  their 
appearance,  which  happens  generally 
in  thole  months  that  are  peculiarly 
lubjecf  to  thunder  ftorms,  and  they 
are  commonly  accompanied  or  fol- 
lowed by  lightning.  When  thefe  ap- 
proach a Ihip,  the  lailors  prefect  and 
brandilh  their  fwords  to  difperfe 
them,  which  feems  to  favour  the 
conclufion,  that  they  are  eledrical. 

James.  Do  the  fwords  ad  as  con- 
dudors  ? 


VOL.  VI. 


o 


146 


ELECTRICITY. 


Tutor.  They  may,  certainly ; and 
it  is  known  that  by  thefe  pointed  in- 
ftruments  they  have  been  effectually 
difperfed. 

The  analogy  between  the  pheno- 
mena of  water-fpouts  and  eleCtricity, 
may  be  made  vifible  by  hanging  a 
drop  of  water  to  a wire,  communi- 
cating with  the  prime  conductor, 
and  placing  a veffel  of  water  under 
it.  In  thefe  eircumftances,  the  drop 
affumes  all  the  various  appearances 
of  a -water-fpout,  in  its  rife,  form, 
and  mode  of  difappearing. 

Water-fpouts,  at  fea,  are  undoubt- 
edly very  like  whirlwinds  and  hurri- 
canes by  land.  Thefe  fometimes  tear 
up  trees,  throw  down  buildings,  make 
caverns ; and  in  all  the  cafes  they 
fcatter  the  earth,  bricks,  {tones,  tim- 
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ber,  See.  to  a great  diftance  in  every 
direction.  Dr.  Franklin  mentions  a 
remarkable  appearance  which  oc- 
curred to  Mr.  \Y  iike,  a conliderable 
ele&rician.  On  the  20th  of  July, 
17*8,  at  three  o'clock  in  the  after- 
noon, he  obferved  a great  quantity 
of  dull  riling  from  the  ground,  and 
covering  a field,  and  part  of  the 
town  in  which  he  then  was.  There 
was  no  wind,  and  the  drift  moved 
gently  towards  the  eaft,  where  there 
appeared  a great  black  cloud,  which 
electrified  his  apparatus  pofitively  to 
a very  high  degree.  This  cloud 
went  towards  the  weft,  the  daft  fol- 
lowed it,  and  continued  to  rife  higher 
and  higher,  till  it  cornpofed  a thick 
pillar,  in  the  form  of  a fugar  loaf, 
and  at  length  it  feemed  to  be  in  con- 
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ta<5t  with  the  cloud.  At  fome  dif- 
tance  from  this,  there  came  another 
great  cloud,  with  a long  ftream  of 
fmaller  ones,  which  electrified  his 
apparatus  negatively,  and  when  they 
came  near  the  pofitive  cloud,  a flafh 
of  lightning  was  feen  to  dart  through 
the  cloud  of  duft,  upon  which  the 
negative  clouds  fpread  very  much, 
and  difi’olved  in  rain,  which  prefently 
cleared  the  atmofphere. 

Charles.  Is  rain  then  an  electrical 
phenomenon  ? 

'Tutor.  The  moft  enlightened  and 
heft  informed  electricians  reckon  rain, 
hail,  and  fnow,  among  the  effects 
produced  by  the  electric  fluid. 

James.  Do  the  negative  and  po- 
fitive clouds  aCt  in  the  fame  manner 
as  the  outfide  and  infide  coatings  of 
a charged  Leyden  jar? 
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Tutor.  Thunder-clouds  frequently 
do  nothing  more  than  conduct  or 
convey  the  electric  matter  from  one 
place  to  another  ? 

Charles.  Then  they  may  be  com- 
pared to  the  difehargiug  rod  ? 

Tutor.  And  perhaps,  like  that, 
they  are  intended  to  reftore  the  equi- 
librium between  two  places,  one  of 
which  has  too  much,  and  the  other 
too  little  of  the  eledtric  fluid.  The 
following  is  not  an  uncommon  ap- 
pearance : a dark  cloud  is  obferved  to 
attract  others  to  it,  and  when  grown 
to  a confiderable  fize,  its  lower  fur- 
face  fwells  in  particular  parts  towards 
the  earth.  During  the  time  that  the 
cloud  is  thus  forming,  flalhes  of  light- 
ning dart  from  one  part  of  it  to  the 
other,  and  often  illuminate  the  whole 
mafs ; and  fmall  clouds  are  obferved 
o 3 
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moving  rapidly  beneath  it.  When  the 
cloud  has  acquired  a Sufficient  extent, 
the  lightning  ftrikes  the  earth  in  two 
oppofite  places. 

James . I wonder  the  difcharge 
does  not  fhake  the  earth,  as  the 
charge  of  ajar  does  any  thing  through 
which  it  palTes. 

Tutor.  Every  difcharge  of  clouds 
through  the  earth  may  do  this,  though 
it  is  imperceptible  to  us, ' 

Towers,  temples,  palaces. 

Flung  from  their  deep  foundations  roof  on  roof 
Crufaed  horrible,  and  pile  on  pile  o’crturn’d 
Fall  total, 

Mallet, 

Earthquakes  are  probably  occa- 
sioned by  vaft  difcharges  of  t he  elec- 
tric fluid : they  happen  mod  frequent- 
ly in  dry  and  hot  countries,  which  are 
fubjedl  to  lightning,  and  other  elec- 
tric phenomena ; they  are  even  fore- 
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told  by  the  ele&ric  corrufcations,  and 
other  appearances  in  the  air  for  fome 
days  preceding  the  event.  Befides, 
the  flioek  of  an  earthquake  is  inllan- 
taneous  to  the  greateft  diftances. 
Earthquakes  are  ufually  accompa- 
nied with  rain,  and  fometimes  by  the 
moft  dreadful  thunder-ftorms : 

How  greatly  terrible,  how  dark  and  deep 
The  purpofes  of  heaven!  At  onceo’erthrown, 
White  age  and  youth,  the  guilty  and  the  juft. 
Oh,  feemingly  fevere  ! promifeuous  fall. 
Reafon,  whofe  daring  eye  in  vain  explores 
The  fearful  providence,  confufed,  fubdued 
To  filence  and  amazement,  with  due  praife 
Acknowledges  thJ  Almighty,  and  adores 
His  will  unerring,  wifeft,  jufteft,  beft. 

Mallet. 


CONVERSATION  XIV. 


Medical  Ekclritity, 

TUTOR.  If  you  ftand  on  the 
flool  with  glafs  legs,  and  hold  the 
chain  from  the  condu6lor  while  I 
work  the  machine  a few  minutes, 
your  pulfe  will  be  increafed,  that  is, 
it  will  beat  more  frequently  than  it 
did  before.  From  this  circumftance 
phyficians  have  applied  ele&ricity 
to  the  cure  of  many  diforders : in 
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ibme  of  which  their  endeavours  have 
•been  unavailing*,  in  others  the  fuc- 
.cefs  has  been  very  complete. 

Charles.  Did  they  do  nothing 
more  than  this  ? 

Tutor.  Yes,  in  fome  cafes  they 
took  lparks  from  their  patients,  in 
others  they  gave  them  Ihocks. 

James.  This  would  be.no  pleafant 
method  of  cure  if  the  Ihocks  were 
flrong. 

Tutor.  You  know  by  means  of 
Lane’s  electrometer,  deferibed  in 
our  feventh  Converfation,  (Plate  i. 
Fig.  10.J  the  ihock  may  be  given 
as  (lightly  as  you  pleafe, 

Charles . But  how  are  ihocks  con- 
veyed through  any  part  of  the  body? 

Tutor.  There  are  machines  and 
apparatus  made  purpofely  for  medical 


154*  ELECTRICITY. 

purpofes,  but  every  end  may  be  an- 
fwered  by  the  inftrument  juft  referred 
to.  Suppofe  the  ele&rometer  to  be 
fixed  to  a Leyden  phial,  and  the 
knob  at  a to  touch  the  conductor, 
and  the  knob  b to  be  fo  far  off  as 
you  mean  the  fliocks  to  be  weak  or 
ftrong,  one  chain  or  wire  is  to  be 
fixed  to  the  l ing  c of  the  eledirome- 
ter,  and  another  wire  or  chain  to 
the  outfide  coating : the  other  ends 
of  thefe  two  wires  are  to  be  faftened 
to  the  two  knobs  of  the  difeharging 
rod. 

James.  What  next  is  to  be  done 
if  I with  to  electrify  my  knee  for  in- 
itance  ? 

Tutor.  All  you  have  to  do  is  to 
bring  the  balls  of  the  difeharging  rod 
clofe  to  your  knee,  one  on  the  one 
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fide  and  the  other  on  the  oppofitc 
fide. 

Charles.  And  at  every  di (charge 
of  the  Leyden  jar,  the  fuperabundant 
ele&ricity  from  withinfide  will  pafs 
from  the  knob  at  a to  the  knob  b, 
and  will  pafs  through  the  wire  and 
the  knee,  in  its  way  to  theoutfide  of 
the  jar,  to  reftore  to  both  fides  an. 
equilibrium. 

James.  But  if  it  happen  that  a 
part  of  the  body,  as  the  arm,  is  to 
be  electrified,  how  is  it  to  be  done, 
becaufe  in  that  cafe  I cannot  ufe  both 
my  hands  in  conducting  the  wires  ? 

Tutor.  Then  you  m.ay  feek  the 
affiftance  of  a friend,  who  will,  by 
means  of  two  inftruments  called  di- 
rectors, be  able  to  conduCt  the  fluid 
to  any  part  of  the  body  whatever. 
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Charles.  What  are  dire&ors? 

Tutor.  A dire&or  confifts  of  a 
knobbed  brafs  wire,  which,  by  means 
of  a brafs  cap,  is  cemented  to  a glafs 
handle.  So  the  operator  holding 
thefe  directors  by  the  extremities  of 
the  glafs  handle,  brings  the  balls,  to 
which  the  wires  or  chains  are  at- 
tached, into  contact  with  the  extre- 
mities of  that  part  of  the  body  of  the 
patient  through  which  the  fhock  is 
to  be  fent.  If  I feel  rheumatic  pains 
between  my  elbow  and  wrift,  and  a 
perfon  hold  one  director  at  the  elbow 
and  another  about  the  wrift,  the 
ihocks  will  pafs  through,  and  pro- 
bably will  be  found  uleful  in  removing 
the  complaint. 

James . Is  it  neceflarv  to  ftand  on 
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the  glafs-footed  ftool  to  have  this 
operation  performed  ? 

Tutor.  By  no  means : when  fliocks 
are  adminiftered,  the  perfon  who  re- 
ceives them  may  hand  as  he  pleafes,' 
cither  on  theflool,  or  on  the  ground ; 
the  eledric  fluid  taking:  the  neareft 
palfage,  will  always  find  the  other 
knob  of  the  other  dire&or,  which 
leads  to  the  outfide  of  the  jar. 

Charles.  Is  it  neceffary  to  make 
the  body  bare  ? 

Tutor.  Not  in  the  cafe  of  thocks, 
nnlefs  the  coverings  be  very  thick  : 
but  when  fparks  are  to  be  taken, 
then  the  perfon  from  whom  they  are 
drawn  mud  be  infi dated,  and  the 
deaths  fhould  be  dripped  off  the  part 
affeded. 

VOL.  vi.  p 
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James.  For  what  diforders  are 
the  hiocks  and  fparks  chiefly  nfed  ? 

Tutor.  Shocks  have  been  found 
ufeful  in  paralytic  diforders ; in  con- 
tractions of  the  nerves ; in  fprains, 
and  in  many  other  cafes  ; but  great 
attention  is  necefiary  in  regulating 
the  force  of  the  fliock,  becaufe,  in- 
ftead  of  advantage,  mifchief  may  oc- 
cur if  it  be  too  violent. 

Charles.  Is  there  lefs  danger  with 
fparks  ? 

Tutor.  Yes  j for  unlefs  it  be  in 
very  tender  parts,  as  the  eye,  there 
is  no  great  rifk  in  taking  fparks  : 
and  they  have  proved  very  effectual 
in  removing  many  complaints. 

the  celebrated  Mr.  Fergufon  was 
feized,  at  Biiftol,  with  a violent  fore 
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throat,  fo  as  to  prevent  him  from 
fwallowing  any  thing  : he  caufed 
fparks  to  be  taken  from  the  part 
affected,  and  in  the  courfe  of  an 
hour  he  could  eat  and  drink  without 
pain. 

This  is  an  excellent  method  in 
cafes  of  deafnefs,  ear-ache,  tooth- 
ache, fwellings  infule  the  mouth,  &c. 

James . Would  not  Itrong  lparks 
injure  the  ear? 

Tutor.  They' might;  and  there- 
fore the  ele6tric  fluid  is  ufually  drawn 
with  a pointed  piece  of  wood,  to 
which  it  comes  in  a lfream,  or  when 

1 

fparks  are  taken,  a very  fmall  brafs 
ball  is  ufed,  becaufe,  in  proportion 
to  the  fize  of  the  ball,  is  the  fize  of 
the  fpark. 

P % 
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Of  Animal  Electricity  : of  the  Tor- 
pedo: of  the  Gymnotus  Ele&ricus , 
and  of  the  Silurus  Eleclricus. 

TUTOR.  There  are  three  kinds 
of  filli  which  have  been  difcovered 
that  are  poffeffed  of  the  lingular  pro- 
perty of  giving  Ihocks  very  fimilar 
to  thofe  experienced  by  means  of  the 
Leyden  jar. 

Charles.  I lliould  like  much  to 
fee  them  ; are  they  eafily  obtained  ? 
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Tutor.  No,  they  are  not : they 
are  called  the  torpedo , the  gymnotus 
eleclricus , and  the  filurus  eleclricus. 

James.  Are  they  all  of  the  fame 
fpecies  ? 

Tutor.  No  : the  torpedo  is  a flat 
fhb,  feldom  twenty  inches  long,  and 
is  common  in  various  parts  of  the 
fen  coaft  of  Europe.  The  electric 
organs  of  this  fifh  are  placed  on  each 
fide  of  the  gills,  where  they  fill  up 
the  whole  thicknefs  of  the  animal, 
from  the  lower  to  the  upper  furface, 
and  are  covered  by  the  common  fkin 
of  the  body. 

Charles.  Can  you  lay  hold  of  the 
fifh  by  any  other  part  of  the  body 
with  impunity  ? 

Tutor.  Not  altogether  fo : for  if 
it  be  touched  with  one  hand,  it  ge- 
p 3 
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nerally  communicates  a very  flight 
fliock ; but  if  it  be  touched  with 
both  hands,  at  the  fame  time,  one 
being  applied  to  the  under,  and  the 
other  to  the  upper  furface  of  the 
body,  a fliock  will  be  received  fimilar 
to  that  which  is  occafioned  by  the 
Leyden  jar. 

James.  Will  not  the  fliock  be 
felt  if  both  bauds  be  put  on  one 
of  the  eleCtrical  organs  at  the  fame 
time? 

Tutor.  No  : and  this  fliows  that 
the  upper  and  lower  furfaces  of  the 
electric  organs  are  in  oppoflte  Hates 
of  electricity,  anfwering  to  the  po- 
fitive  and  negative  fules  of  a Leyden 
phial. 

Charles.  Are  the  fame  fubftances 
conductors  of  the  eleCtric  power  of 
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the  torpedo,  by  which  artificial  elec- 
tricity is  conducted  ? 

Tutor.  Yes  they  are  : and  if  the 
fifii,  inftead  of  being  touched  by  the 
hands,  be  touched  by  conducting 
fubflances  as  metals,  the  Ihock  will 
be  communicated  through  them.  The 
circuit  may  alfo  be  formed  by  feverai 
perfons  joining  bands,  and  the  Ihock 
will  be  felt  by  them  all  at  the  fame 
time.  But  the  Ihock  will  not  pals 
where  there  is  the  fmallelt  interrup- 
tion ; it  will  not  even  be  conduced 
through  a chain. 

James.  Can  you  get  fparks  from 
it? 

Tutor.  No  fpark  was  ever  ob- 
tained from  the  torpedo,  nor  could 
cledtric  repulfion  and  attraction  be 
produced  by  it. 
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Charles.  Is  it  known  how  the 
power  is  accumulated? 

Tutor.  It.  feems  to  depend  on  the 
will  of  the  animal,  for  each  effort  is 
accompanied  with  a depreffion  of  its 
eyes,  and  it  probably  makes  ufe  of 
it  as  a means  of  felf-defence. 

James.  Is  this  the  cafe  alfo  with 
the  other  electrical  fiflies  ? 

Tutor.  The  gymnotus  poffeffes  all 
the  eleCtric  properties  of  the  torpedo, 
but  in  a very  fuperior  degree.  This 
fifh  has  been  called  the  electrical  eel, 
on  account  of  its  refemblance  to  the 
common  eel.  It  is  found  in  the  large 
rivers  of  South  America. 

Charles.  Are  tliefe  fiflies  able  to 
injure  other  fiflies  by  this  power  ? 

Tutor.  If  fmall  fiflies  are  put  into 
the  water  in  which  the  gymnotus  is 
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kept,  it  will  firft  ftun,  or  perhaps 
kill  them,  and  if  the  animal  he  hun- 
gry, rt  will  then  devour  them.  But 
fifties  (tunned  by  the  gymnotus  may 
be  recovered,  by  being  fpeedily  re** 
moved  into  another  veffel  of  water. 

The  gymnotus  is  faid  to  be  pof- 
felfed  of  a new  kind  of  fenfe,  by 
which  it  knows  whether  bodies, 
which  are  brought  near  him,  are  con- 
ductors or  not. 

Charles.  Then  it  pofieffes  the 
fame  knowledge  by  inftindt  which 
philofophers  have  gained  by  experi- 
ment. 

Tutor.  The  following  experiment, 
among  others,  is  very  decifive  on  this 
point. 

Ex.  The  extremities  of  two 
wires  wrere  dipped  into  the  water  of 
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the  refiel  in  which  the  animal  was 
kept ; they  were  then  bent,  extended 
a great  way,  and  terminated  in  two 
feparate  glafles  full  of  water.  Thefo 
wires,  being'  fupported  by  non-con- 
du6tors,  at  a confiderable  diftance 
from  each  other,  the  circuit  was  in- 
complete : but  if  a perfon  put  the 
fingers  of  both  hands  into  the  glafies 
in  which  the  wires  terminated,  then 
the  circuit  was  complete.  While  the 
circuit  was  incomplete,  the  fifh  never 
went  near  the  extremities  of  the 
wires,  as  if  defirous  of  giving  the 
fhock ; but  the  moment  the  circuit 

was  completed,  either  by  a perfon, 

* 

or  any  other  conductor,  the  gymno- 
tus  immediately  went  towards  the 
wires,  and  gave  the  lhock,  though 
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the  completion  of  the  circuit  was 
out  of  his  fight. 

James.  How  do  they  catch  thefc 
kind  of  fifli ; the  men  would,  pro- 
bably, let  them  go  on  receiving  the 
Hiock  ? 

Tutor.  In  this  way  the  property 
was,  perhaps,  firft  difeovered.  The 
gym  not  us,  as  well  as  the  others, 
may  be  touched,  without  any  rifk  of 
the  ihock,  with  wax  or  with  glafs ; 
but  if  it  be  touched  with  the  naked 
linger,  or  with  a metal,  or  a gold 
ring,  the  Ihock  is  felt  up  the  arm. 

Charles.  Does  the  Jilurus  electri- 
cus  produce  the  fame  effects  as  the 
others  ? 

Tutor.  This  filh  is  found  in  fome 
rivers  in  Africa,  and  it  is  known  to 
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potfefs  the  property  of  giving  the 
ihock,  but  no  other  particulars  have 
been  detailed  refpedting  it. 

With  regard  to  the  torpedo,  its 
power  of  giving  the  benumbing  fen- 
fation  was  known  to  the  ancients, 
and  from  this  it  probably  took  its 
name.— In  Fermin’s  Natural  Hiftory 
of  Surinam  is  fome  account  of  the 
trembling-cel,  which  Dr.  Prieftley 
conjechires  to  be  different  from  the 
gymnotus  ; it  lives  in  marfhy  places, 
from  whence  it  cannot  be  taken, 
except  when  it  is  intoxicated.  It 
cannot  be  touched  with  the  hand, 
or  with  a hick,  without  feeling  a 
terrible  fhock.  If  trod  upon  with 
fhoes,  the  legs  and  thighs  are  af- 
tfefted  in  a fimilar  manner. 
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General  Summary  of  Electricity , 
with  Experiments. 

it  4 . . . V 1 » i I ) , . 

TUTOR.  You  now  underftand 
what  electricity  is  ? 

Charles.  Yes,  it  is  a fluid  which 
feems  to  pervade  all  fubftanees,  and 
when  undifturbed,  it  remains  in  a 
Rate  of  equilibrium. 

James.  And  that  certain  portion 
which  every  body  is  fuppofed  to  con- 
tain, is  called  its  natural  fhare. 
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Tutor.  When  a body  is  pofleflfed 
of  more,  or  retains  lefs  than  its  na- 
tural fliare,  it  is  faid  to  be  charged 
or  electrified. 

Charles.  If  it  poffefs  more  than 
its  natural  fliare,  it  is  faid  to  be 
pojitroely  electrified,  but  if  it  con- 
tain lefs  than  its  natural  fhare,  it 
is  faid  to  be  negatively  electrified. 

Tutor.  Does  it  not  fometimes 

happen,  that  the  fame  fubftance  is 
both  pofitively  and  negatively  elec- 
trified at  the  fame  time  ? 

James.  Yes:  the  Leyden  jar  is  a 
finking  inltance  of  this,  in  which,  if 
the  infide  contain  more  than  its  na- 
tural fliare,  the  outfide  contains  lefs 
than  its  natural  quantity. 

Tutor . What  is  the  diftinClioa 

8 


I 


SUMMARY,  &C.  171 

between  conductors  and  non-conduc- 
tors  of  eleCtricity  ? 

Charles.  The  eleCtric  fluid  pafles 
freely  through  the  former , but  the 
latter  oppofe  its  paffage. 

Tutor.  You  know  that  electricity 
is  excited  in  the  greatefl  quantities, 
by  the  friction  of  conducting  and 
non-conduCiing  fubftances  againft 
each  other. 

Ex.  Rub  two  pieces  of  feal- 
ing-wax,  or  two  pieces  of  glafs  to- 
gether, and  only  a very  fmall  por- 
tion of  eleCtricitv  can  be  obtained, 
therefore  the  rubber  of  a machine 
fhould  be  a conducting  fubftance, 
and  not  infulated. 

Every  eleCtrical  machine,  with  an 
infidated  rubber,  will  aCt  in  three 
different  ways : the  rubber  will  pro- 
Q 2 
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duce  negative  eleClricity : the  con- 
ductor will  give  out  pojitive  electri- 
city : and  it  will  communicate  both 
powers  at  once  to  a perfon  or  fub- 
ftance  placed  between  two  directors 
connected  with  them. 

» * » ' • 

James..  How  does  the  rubber  pro- 
duce negative  cleCtricity  ? 

■‘  Tutor.  If- you  hand  on  a ftool 
with  glafs  legs,  or  upon  any  other 
non-conduCting  fubftance,  and  lay 
hold  of  the  rubber,  or  a chain  that 
communicates  with  it,  the  working 
the  machine  will  take  away  from  you 
a quantity  of  your  natural  eleChicity, 
therefore  you  will  be  negatively  elec- 
trified. 

*•  Charles.  Will  this  appear  by  the 
nature  of  the  eleCtric  fluid,  if  I hold  in 
my  .hand  a heel  point  as  a needle? 
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Tutor . If  you,  Handing  on  a 

non-condudling  fubftance,  are  con- 
nected with  the  rubber,  and  your 
brother,  in  a fimilar  fituation,  con- 
nected with  the  conductor,  hold 
points  in  your  hands,  and  I,  while  I 
ftand  on  the  ground,  firft  prefent  a 
brafs  ball,  or  other  fubftance,  to  the 
needle  in  your  hand,  and  then  to 
that  in  his  hand,  the  appearance  of 
the  fluid  will  be  different  in  both 
cafes  ; to  the  needle  in  your  hand  it 
will  appear  like  a {far,  but  to  that 
in  your  brother’s  it  will  be  rather  in 
the  form  of  a brulh. — What  will  hap- 
pen if  you  bring  two  bodies  near 
to  one  another  that  are  both  elec- 
trified ? 

James.  If  they  are  both  pofitively 
or  both  negatively  electrified,  they 
Q 3 
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will  repel  each  other,  but  if  one  is 
negative  and  the  other  pofitive,  they 
will  attradl  one  another  till  they 
touch,  and  the  equilibrium  is  again 
reftored. 

Tutor.  If  a body,  containing  only 
its  natural  lb  are  of  ele&ricity,  be 
brought  near  to  another  that  is  elec- 
trifled,  what  will  be  the  confequence? 

Charles.  A quantity  of  electricity 
will  force  itfclf  through  the  air  in  the 
form  of  a lpark. 

Tutor.  When  two  bodies  approach 
each  other,  one  electrified  pofltively 
and  the  other  negatively,  the  luper- 
abundant  eledricity  rulhes  violently 
from  one  to  the  other  to  reftore  the 
equilibrium.  What  will  happen  if 
your  body,  or  any  part  of  it,  form 
part  of  the  circuit  ? 
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James.  It  will  produce  an  eleCiric 
/hock,  and  if,  inftead  of  one  perfon 
alone,  many  join  hands,  and  form  a 
part  of  the  circuit,  they  will  all  re- 
ceive a /hock  at  one  and  the  fame 
in/lant. 

Tutor.  If  I tlirow  a larger  quan- 
tity ot  electricity  than  its  natural 
/hare  on  one  fide  of  a piece  of  glafs, 
what  will  happen  to  the  other  fide  ? 

Charles.  The  other  fide  will  be- 
come negatively  electrified  : that  is, 
it  will  have  as  much  lefs  than  its  na- 
tural /hare,  as  the  other  has  more 
than  its  natural  /hare. 

Tutor.  Does  electricity,  commu- 
nicated to  glafs,  fpread  over  the  whole 
fur  face  ? 

James.  No,  glafs  being  an  ex- 
cellent non-conductor,  the  eleChic 
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fluid  will  be  confined  to  the  part  on 
which  it  is  thrown  : and  for  that 
reafon,  and  in  older  to  apply  it  to 
the  whole  furface,  the  glafs  is  co- 
vered with  tin  foil,  which  is  called  a 
coating. 

Tutor.  And  if  a conducing  com- 
munication be  made  between  both 
fides  of  the  glafs,  what  takes  place 
then  ? 

Charles.  A difcharge ; and  this 
happens  whether  the  glafs  be' flat,  or 
in  any  other  form. 

Tutor.  What  do  you  call  a cylin- 
drical glafs  vefiel  thus  coatedfor  elec- 
trical purpofes  ? 

James.  A Leyden  jar ; and  when 
the  infides,  and  alfo  the  outfides  of 
feveral  of  thefe  jars  are  connected,  it 
is  called  an  electrical  battery. 
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Tutor . EleCtricitV,  in  this  form, 
is  capable  of  producing  the  nioft  pow- 
erful effeCts,  fucli  as  melting  metals, 
firing  fpirits,  and  other  inflammable 
fubltances  — What  effect  has  metallic 
points  on  electricity  ? 

Charles.  They  dilcharge  it  filently, 
and  hence  their  great  utility  in  de- 
fending buildings  from  the  dire  ef- 
fects of  lightning.  — Prav  what  is 
thunder  ? 

Tutor.  As  lightning  appears  to 
be  the  rapid  motion  of  vaft  mafies  of 
eleCtric  matter,  lb  thunder  is  the 
noife  produced  by  the  motion  of  light- 
ning: and  when  eleCtricity  paffes 
through  the  higher  parts  of  the  at- 
mofphere,  where  the  air  is  very  much 
rarefied,  it  confiitutcs  the  aurora  bo- 
realis. . 
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Ex.  If  two  fliarp  pointed  wires 
be  bent  (Plate  u.  Fig.  29.)  with 
the  four  ends  at  right  angles,  but 
pointing  different  ways,  and  they  be 
made  to  turn  upon  a wire  fixed 
on  the  conductor,  the  moment  it  is 
ele6trified,  a flame  will  be  feen  at  the 
points  a bed-,  the  wire  will  begin 
to  turn  round  in  the  dire&ion  oppo- 
fite  to  that  to  which  the  points  are 
turned,  and  the  motion  will  become 
very  rapid. 

If  the  figures  of  horfes,  cut  in  pa* 
per,  be  faftened  upon  thefe  wires, 
the  horfes  will  feern  to  purfue  one 
another,  and  this  is  called  the  elec- 
trical horfe-race.  Of  courfe,  upon 
this  principle,  many  other  amufing 
and  very  beautiful  experiments  may 
be  made : and  upon  this  principle 
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feveral  ele&rical  orreries  have  been 
contrived,  fhowing  the  motions  of 
the  earth  and  moon,  and  the  earth 
and  planets  round  the  fun. 

James.  How  do  you  account  for 
this? 

Tutor.  Fix  a lharp  pointed  wire 
into  the  end  of  the  large  conductor, 
and  hold  your  hand  near  it : — no 
{parks  will  enfue;  but  a cold  blaft 
will  come  from  the  point  which  will 
turn  any  light  mills,  wheels,  &c. 
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Of  Gakanifm ; its  Origin  : Experi- 
ments : of  the  Decompofition  of 
Water. 

T UTOR.  It  has  been  obferved  as 

• • • . 

long  as  I can  remember,  and  pro- 
bably before  I was  born,  that  porter, 
when  taken  from  a pewter  pot,  had 
a fuperior  flavour  than  when  drunk 
out  of  a glafs  or  of  china. 

Charles.  Yes;  I have  often  heard 
my  uncle  fay  fo,  but  what  is  the  rea- 
fon  of  it? 
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Tutor.  Admitting  the  fact,  which 
is,  I believe,  generally  allowed  by 
thofe  who  are  much  accuftomed  to 
that  beverage;  it  is  now  explained 
upon  the  principles  of  Galmnifm. 

James.  Is  Galvanifin  another 
branch  of  fcience?  is  there  a Gal- 
vanic fluid  as  well  as  an  electric 
fluid  ? 

Tutor.  Of  the  exiftcnce  of  the 
electric  fluid  you  now  have  no  doubt ; 
the  fcience  of  electricity  took  its 
name  from  electron , the  Greek  word 
for  amber,  becaufe  amber  was  one  of 
the  firit  fubftances  obferved  to  pro- 
duce, by  rubbing,  the  effects  of  at- 
traction and  repulfion.  Galvanifin 
derives  its  name  from  Dr.  Galvani, 
who  firit  reported  to  thephilofophical 
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world  the  experiments  on  which  the 
fcience  is  founded. 

Charles.  Pray  how  was  he  led  to 
make  the  experiments  r 

Tutor.  Galvani,  a piofeffor  of 
anatomy  at  Bologna,  was  one  even- 
ing making  fome  electrical  experi- 
ments, and  on  the  table  where  the 
machine  flood,  were  fome  frogs 
fkinned  : by  an  accident  one  of  the 
company  touched  the  main  nerve  of 
a frog,  at  the  fame  moment  that  he 
took  a confiderable  lpark  from  the 
conductor  of  the  eleCtrical  machine, 
and  the  mufcles  of  the  frog  were 
thrown  intoftrongconvulfions.  Thefe, 
which  were  obferved  by  Galvanis 
wife,  led  the  profelfor  to  a number 
of  experiments,  but  as  they  cannot 
he  repeated  without  much  cruelty  to 
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living  animals,  I fhall  not  enter  into 
a detail  of  them. 

James.  Were  not  the  frogs  dead 
which  firft  led  to  the  difcovery  ? 

Tutor.  Yes,  thev  were : but  the 

' */ 

Profdior  afterwards  made  many  ex- 
periments upon  living  ones,  whence 
he  found  that  the  convulfions,  or  as 
they  are  ufually  called,  the  contrac- 
tions produced  on  the  frog,  may  be 
excited  without  the  aid  of  any  appa- 
rent ele&ricity,  merely  by  making  a 
communication  between  the  nerves 
and  the  mufcles  with  fubftances  that 
are  conductors  of  ele&ricity. 

Charles.  Are  thefe  experiments 
peculiar  to  frogs  ? 

Tutor.  No,  they  have  been  fuc- 
cefsfully  made  on  almod  all  kinds  of 
animals  from  the  o^.  downwards  to 
R 2 
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the  fly.  And  hence  it  was  at  fir  ft 
concluded,  that  there  was  an  elec- 
tricity peculiar  to  animals. 

James.  You  have  already  (hewn 
that  the  electric  fluid  exifis  in  our 
‘bodies,  and  may  be  taken  from  them, 
independently  of  that  which  caufes 
the  contractions. 

Tutor.  I will  fhow  you  an  expe- 
Timent  on  this  fubjedt : — here  is  a 
thin  piece  of  zinc,  which  is  a fort  of 
metallic  fubftance,  but  not  what  is 
denominated  a perfect,  metal : lay  it 
under  your  tongue,  and  lay  this  half 
crown  upon  the  tongue ; do  you  talte 
any  thing  very  peculiar  in  the  me- 
tals ? 

James.  No,  nothing  at  all. 

Tutor.  Put  them  in  the  fame  po- 
sition again,  and  now  bring  the 
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edges  of  the  two  metals  into  contaft, 
while  the  other  parts  touch  the  un- 
der and  upper  furfaces  of  the  tongue. 

James.  Now  they  excite  a very 
difagreeable  tafte,  fomething  like  cop- 
peras. 

Tutor.  Inftead  of  the  half  crown, 
try  the  experiment  with  a guinea,  or 
with  a piece  of  charcoal. 

Charles.  I perceive  the  fame  kind 
of  tafte  which  James  deferibed.  How 
do  you  explain  the  fa£t  ? 

Tutor.  Some  philofophers  main- 
tain, that  the  principle  of  Galvanifin 
and  electricity  is  the  lame  : and  that 
the  former  is  the  evolution  or  emif- 
fton  of  the  electric  fluid  from  con- 
ducing bodies,  difengaged  by  a che- 
mical procefs ; while  the  latter  is 
r 3 


186 


GALVANISM. 


the  fame  tiling  made  apparent  to  the 
fenfes  by  non-conducting  bodies. 

James.  All  metals  are  conducting 
fubftances ; of  courl'e  the  zinc,  the 
guinea,  and  the  half  crown,  are  con- 
ductors. 

Tutor.  Yes,  and  fo  are  the  tongue 
and  the  faliva ; and  it  is  probable, 
that  by  the  decompofition  of  fome 
fmall  particles  of  the  faliva  the  iharp 
tatte  is  excited. 

Charles.  What  do  you  mean  by 
the  decompofition  of  the  faliva  ? 

Tutor.  We  thall,  in  our  chemiftry, 
lliew  you  that  water  is  capable  of 
being  decompofed,  that  is,  feparated 
into  two  gaffes  called  hydrogen  and 
oxygen, 

James.  Is  faliva  capable  of  being 
thus  feparated  ? 
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Tutor.  Certainly,  becaufe  a great 
part  of  it  may  be  fuppofed  to  be 
water;  and  the  oxygen  combines 
with  the  metal,  while  the  hydrogen 
efeapes,  and  excites  the  talte  on  the 
tongue. 

Charles.  The  difagreeable  tafte 
on  the  tongue  cannot  be  difputed, 
but  there  is  no  apparent  change  on 
the  zinc  or  the  half-crown,  which 
there  ought  to  be  if  a new  fubftance, 
as  the  oxygen,  has  entered  into  the 
combination. 

Tutor.  The  change  is,  perhaps, 
too  fmall  to  be  perceived  in  this  ex- 
periment : but  in  others  on  a larger 
lcale,  it  will  be  very  evident  to 
the  fight,  by  the  oxidation  of  the 
metals. 

if1  ^ • 

James,  Here  is  another  ftrange 
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word  : I do  not  know  what  is  meant 
by  oxidation. 

Tutor.  The  iron  bars  fixed  be- 
fore the  window  were  clean  and  ai- 
moft  bright  when  placed  there  laft 
fummer. 

James.  But  not  being  painted, 
they  are  become  quite  rufty. 

Tutor.  Now  in  chemical  lan- 
guage, the  iron  is  faid,  to  be  oxi- 
dated inftead  of  rufty ; and  the  earthy 
fubftance  that  may  be  fcraped  from 
them,  ufed  to  be  called  the  calx  of 
iron ; but  it  is,  by  modern  chemiftry, 
denominated  the  oxide  of  iron. 

When  mercury  lofes  its  fine  bright- 
nefs  by  being  long  expofed  to  the 
air,  the  dulnefs  is  occafioned  by  oxi- 
dation, that  is,  the  fame  effedt  is  pro- 
duced by  the  air  on  the  mercury,  as 
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it  was  on  the  iron.  I will  give  you 
another  inftance.  I will  melt  fome 
lead  in  this  ladle,  you  fee  a fcuin 
is  fpeedily  formed.  I take  it  away, 
and  another  will  arife,  and  fo  per- 
petually till  the  whole  lead  is  thus 
transformed  into  an  apparently  dif- 
ferent fubftance;  this  is  called  the 
oxide  of  lead. 
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Galvanic  Light , and  Shocks . 

CHARLES.  We  had  a of 
the  Galvanic  fluid  yeftcrdav,  is  there 
no  way  of  feeing  it? 

Tutor.  Put  this  piece  of  zinc  be- 
tween the  upper  lip  and  the  gums, 
as  high  as  you  can,  and  then  lay  a 
half  crown,  or  guinea,  upon  the 
tongue,  and  when  fo  fituated  bring 
the  metals  into  contact. 

Charles.  I thought  I faw  a fain 
flafh  of  light. 
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Tutor.  I dare  fay  you  did,  it  was 
for  that  purpofe  I bid  you  make  the 
experiment.  It  may  be  done  in  an- 
other way  i by  putting  a piece  of 
filver  up  one  of  the  noftrils,  and  the 
zinc  on  the  upper  part  of  the  tongue, 
and  then  bring  the  metals  in  contact 
the  fame  effed  will  be  produced. 

James.  By  continuing  the  con- 
tad  of  the  two  metals,  the  appearance 
of  light  does  not  remain. 

Tutor.  No,  it  is  vifible  only  at 
the  moment  of  making  the  contad. 
You  may,  if  you  make  the  experi- 
ment with  great  attention,  put  a 
fmall  flip  of  tin  foil  over  the  ball  of 
oue  eye,  and  hold  a tea-fpoon  in  your 
mouth,  and  then  upon  the  communi- 
cation between  the  fpoon  and  the  tin 
a faint  light  will  be  viiible.  Thefe 
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experiments  are  belt  performed  in 
the  dark. 

Charles.  Is  there  no  means  of 
making  experiments  on  a larger 
lcale  ? 

Tutor.  Yes,  we  have  Galvanic 
batteries,  as  well  as  ele&rical  batte- 
ries. Here  is  one  of  them.  (Plate  ir. 
Fig*.  20.)  It  confifts  of  a number  of 
pieces  of  filver,  zinc,  and  flannel 
cloth,  of  equal  fizes,  and  they  are 
thus  arranged,  a piece  of  zinc,  a piece 
of  filver,  and  a piece  of  cloth,  moif* 
tened  with  a folution  of  fait  in  wa- 
ter, and  fo  on  till  the  pile  is  com- 
pleted. To  prevent  the  pieces  from 
falling,  they  are  fupported  on  the 
fides  by  three  rods  of  glafs  ftuck  into 
a piece  of  wood,  and  down  thefe  rods 
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Aides  another  piece  of  wood  which 
keeps  all  the  pieces  in  dole  contad. 

James.  How  do  you  make  ufe  of 
this  inftrument  ? 

Tutor.  Touch  the  lower  piece  of 
metal  with  one  hand,  and  the  upper 
one  with  the  other. 

James.  I felt  an  electric  fhock. 

Tutor.  And  you  may  take  as 
many  as  you  pleafe  ; for  as  often  as 
you  renew  the  contad,  fo  often  will 
you  feel  the  fhock. 

Here  is  a different  apparatus  (Plate 
ii.  Fig.  21.)  in  thefe  three  glaffes 
(and  I might  ufe  twenty  inftead  of 
three)  is  a folution  of  fait  and  water. 
Into  each,  except  the  two  outer  ones, 
is  plunged  a fmall  plate  of  zinc,  and 
another  of  lilver.  Thele  plates  are 
made  to  communicate  with  each 
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other,  by  means  of  a thin  wire,  fas- 
tened fo  that  the  Silver  of  the  fiift 
glafs  is  connected  with  the  zinc  of 
the  Second ; the  Silver  of  the  fecond 
with  the  zinc  of  the  third,  and  fo 
on : now  if  you  dip  one  hand  into 
the  firft  glafs,  and  the  other  into  the 
laft,  the  fhock  is  felt. 

Charles.  Will  any  kind  of  glafles 
anfwer  for  this  experiment  ? 

Tutor.  Yes,  they  will ; wine- 
glafles,  or  goblets,  or  fmger-glalTes ; 
and  fo  will  china  cups. 

A third  kind  of  battery,  which  is 
the  moft  powerful,  and  the  one  that 
is  moft  generally  ufed  is  this.  It 
con  lifts  of  a trough  of  baked  wood, 
three  inches  deep,  and  about  as 
broad.  In  the  Sides  of  this  trough 
are  grooves  oppolite  to  each  other, 
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and  about  a quarter  of  an  inch  afun- 
dtr.  Into  each  pair  of  thefe  grooves 
is  put  a plate  of  zinc,  and  another 
of  lilver,  and  they  are  to  be  ce- 
mented in  fuch  a manner  as  to  pre- 
vent any  communication  between 
the  different  cells.  The  cells  are 
now  filled  with  a folution  of  fait  and 
water.  The  battery  is  complete with 
your  hands  make  a communication 
between  the  two  end  cells. 

Charles.  I felt  a ftrong  fhock. 

Tutor . Wet  your  hands,  and  join 
your  left  with  James’s  right,  then 
put  your  right  hand  into  one  end 
cell,  and  let  James  put  his  left  into 
the  oppolite  one. 

Jame$.  We  both  felt  the  flhock 
like  an  electric  ihock,  but  not  fo 
fevere.  • 
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Tutor.  Several  perfons  may  re- 
ceive the  ill ock  together,  by  joining 
hands,  if  their  hands  are  well  moif- 
tened  with  water.  The  ftrength  of 
the  lhock  is  much  dimini/hed  by 
palling  through  fo  long  a circuit. 
The  fhock  from  a battery  confuting 
of  fifty  or  fixty  pairs  of  zinc  and 
filver,  or  zinc  and  copper,  may  be 
felt  as  high  as  the  elbows.  And  if 
five  or  fix  fuch  batteries  be  united 
with  metal  cramps,  the  combined 
force  of  the  fhock  would  be  fuch 
that  few  would  willingly  take  it  a 
fecond  time. 

Charles . What  are  the  wires  for 
at  eacli  end  of  the  trough  ? 

Tutor:  W ith  thele  a variety  of 
experiments  may  be  made  upon 
combuftible  bodies.  I will  fliewyou 
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one  with  gunpowder,  but  I mufthave 
recourfe  to  four  troughs  united  by 
cramps,  or  to  one  much  larger  than 
this,  > . 

Towards  the  ends  of  the  wires 
are  two  pieces  of  glafs  tubes,  thefe 
are  for  the  operator  to  hold  by, 
while  he  dire6ts  the  wires.  Suppofe 
now  four  or  more  troughs  united, 
and  the  wire  to  be  at  the  two  extre- 
mities, I put  fome  gunpowder  on 
a piece  of  flat  glafs,  and  then  hold- 
ing the  wires  by  the  glafs  tubes, 
I bring  the  ends  of  them  to  the 
gunpowder,  and  juft  before  they 
touch,  the  gunpowder  will  be  en- 
flamed. 

Inftead  of  gunpowder,  gold  and 
fjlver  leaf  may  be  burnt  in  this 
S3 
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way : ether,  fpirits  of  wine,  and 
other  inflammable  fubftances,  are 
eafily  fired  by  the  Galvanic  battery; 
it  will  confume  even  fmali  metallic 
wires. 

Copper  or  brafs  leaf,  commonly 
called  Dutch  gold,  burns  with  a 
beautiful  green  light,  filver  with  a 
pale  blue  light,  and  gold  with  a yel- 
lowifii  green  light. 

James.  Will  the  battery  continue 
to  adt  any  great  length  of  time  ? 

Tutor.  The  adtion  of  all  thefe  kind 
of  batteries  is  the  ftrongeft,  when 
they  are  firft  filled  with  the  fluid; 
and  it  declines  in  proportion  as  the 
metals  are  oxidated,  or  the  fluid  lofes 
its  power.  Of  courfe,  after  a cer- 
tain time,  the  fluid  muft  be  changed 
and  the  metals  cleaned,  either  with 
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fand,  or  by  immerfing  them  a fhort 
time  in  diluted  muriatic  acid.  The 
befi  fluid  for  filling  the  cells  with,  is 
water  mixed  with  one  tenth  of  ni- 
trous acid.  Care  muft  always  be 
taken  to  wipe  quite  dry  the  edges 
of  the  plates,  to  prevent  a commu- 
nication between  the  cells : and  it 
will  be  found,  that  the  energy  of  the 
battery  is  in  proportion  to  the  ra- 
pidity with  which  the  zinc  is  oxi- 
dated. 


* 


i 


T T AG  Hi.  I/O 


.i:;  ■ • rJ;:l if! i f!  : > >1  ;i! 

• ..  . • ' 

CONVERSATION  III. 


Galvanic  Conductors : Circles:  Tables: 
Experiments . 

v./  i M j4  ) < J If'  • y . * . - 

TUTOR.  You  know  that  Con- 
ductors of  the  electric  fluid  differ 
from  each  other  in  their  conducting 
power. 

Charles.  Yes,  the  metals  were 
the  moil  perfeCt  conductors,  then 
charcoal,  afterwards  water  and  other 
fluids.  See  Vol.  vi,  p.  20. 

Tutor.  In  Galvan ifm  we  call  the 
former  dry  and  perfect  conductors, 
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tlrefe  arc  the  firft  clafs  : the  latter, 
oi  fecond  clafs,  imperfect  conductors : 
and  in  rendering  the  Galvanic  power 
•fenfible,  the  combination  muft  con- 
fix of  three  condu&ors  of  the  dif- 
ferent clalfes. 

James.  Do  you  mean  two  of  the 
firft  clafs,  and  one  of  the  fecond  ? 

Tutor.  When  two  of  thefe  bodies 
are  of  the  firil  clafs,  and  one  is  of  the 
fecond,  the  combination  is  faid  to  be 
of  ihefirft  order. 

Charles.  The  large  battery  which 
you  ufed  yefterday  was  of  the  firft 
order  then,  becaufe  there  were  two 
metals,  viz.  zinc  and  fdver,  and  one 
fluid. 

Tutor.  This  is  called  a ftmple  Gal- 
vanic circle,  the  two  metals  touched 
each  other  in  fome  points,  and  at 
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other  points  they  were  counted  by 
the  fluid  which  was  of  the  different 
clafs. 

James.  Will  you  give  us  an  ex- 
ample  of  the  fecond  order  ? 

Tutor.  When  a perfon  drinks 
porter  from  a pewter  mug,  the  moif- 
ture  of  his  under  lip  is  one  conduc- 
tor of  the  fecond  clafs,  the  porter 
is  the  other,  and  the  metal  is  the 
third  body,  or  eondu6tor  of  the  firft 
clafs.  ' 

The  difcol  oration  of  a fiver  fpoon, 
in  the  a<5t  of  eating  eggs,  is  a Gal- 
vanic operation.  A fpoon  merely 
immerfed  in  the  egg-  undergoes  no 
difcoloration,  it  is  the  a6t  of  eating 
that  produces  the  change.  This  is 
a Galvanic  combination  of  the  fe- 
cond order,  the  fluid  egg,  and  the 
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faliva,  are  fubftances  of  the  fecond 
clafs  of  conductors,  and  the  filver  of 
the  firft  clafs. 

Charles.  Which  are  the  in  oft 
powerful  Galvanic  circles  ? 

Tutor.  Thev  are  thofe  of  the  firft 

J 

order,  where  two  iol ids  of  different 
degrees  of  oxidahility  are  combined 
with  a fluid  capable  of  oxidating  at 
feaft  one  of  the  folids.  Thus  gold, 
filver,  and  water,  do  not  form  an 
active  Galvanic  circle,  but  it  will 
become  active  if  a little  nitric  acid, 
or  any  fluid  decompofible  by  filver, 
be  mixed  with  the  water.  An  ac- 
tive Galvanic  circle  is  formed  of 
zinc,  filver,  and  water,  becaufe  the 
zinc  is  oxidated  by  water.  But  a 
little  nitric  acid,  added  to  the  water, 
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renders  the  combination  {till  more 
active,  as  the  acid  acts  upon  the  fil- 
ver  and  the  zinc. 

The  moft  powerful  Galvanic  com- 
binations of  the  fecond  order  are, 
where  two  condudtors  of  the  fecond 
clafs  have  different  chemical  actions 
on  the  condudtors  of  the  firfl  clafs, 
at  the  fame  time  that  they  act  upon 
each  other.  Thus  copper,  filver,  or 
lead,  with  a folution  of  an  alkaline 
fulphuret*  and  diluted  nitrous  acid, 
form  a very  a&ive  Galvanic  circle. 
Hence  the  following 

* If  equal  quantities  of  fulphur  and  alkali  be 
melted  in  a covered  crucible,  the  mafs  obtained 
is  called  an  alkaline  fulphuret. 
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Tabic  of  Galvanic  circles  of  the  firjl  order , 
compofed  of  two  perfect  condu&ors,  and 
one  imperfect  conductor. 


Very  Oxydable  Lefs  Oxidable  Sub-  Oxidating 

Subltances.  (lances.  Fluids. 


Xinc  - - 


Iron  - - 
Tin  - - 


Lead  - - 


Copper  - 


Silver  - - 


( With  gold,  charcoal, 
filvcr,  copper,  tin’ 

/ iron,  mercury 

I With  gold,  charcoal, 
i filver,  copper,  tin  r 


{ 


With  gold,  filver, 
charcoal 

With  gold,  filver 


Solutions  of  ni- 
tric acid  in 
water,  of  mu- 
riatic acid, 
and  l'ulphuric 
acid,  &c. 

Water  holding 
in  folution 
oxygene  at- 
mofpheric  air, 
&c. 


With  gold,  filver 


5 

l 


Solution  of  ni- 
trate of  filver, 
and  mercury, 
nitric  acid, 
acetous  acid. 


With  gold 


Nitric  acid. 


vol.  vr, 
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Table  of  Galvanic  circles  of  th efecond  order , 
composed  of  two  imperfect  conductors, 
and  one  perfect  conductor. 

Perfcft  Imperfeft  Con-  Imperfect  Con- 

Condu&ors.  duiStors.  duCtors. 

* 

Charcoal  | Solutions  of  bydro- 
Copper  - J genated  alkaline 
Silver  - I fulphurets,  ca- 
Lead  - - V pable  of  afting 
Tin  - - i on  the  firlt  tlirec 
Iron  - - I metals,  but  not  on 
Zinc  - - J the  laft  three. 

I will  now  ifoew  you  another  ex- 
periment which  is  to  be  made  with 
the  aftiftance  of  the  great  battery 
(Fig.  22.)  ab  (Plate  n.  Fig.  23.) 
exhibits  a glafs  tube  filled  with  dif- 
tilled  water,  and  having  a cork  at 
each  end.  a and  b are  two  pieces 
of  brafs  wire,  which  are  brought  to 
within  an  inch  or  two  of  one  an* 


i Solution  of  ni- 
trous acid, oxy- 
genated muri- 
atic acid,  &c. 
capable  of  sit- 
ing on  all  the 
metals. 
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other  in  the  tube,  ami  the  other  ends 
are  carried  to  the  battery,  viz.  a 
to  what  is  called  the  politive  end, 
and  b to  the  negative  end. 

James.  You  have  then  pofitive 
and  negative  Galvanifm  as  well  as 
electricity  ? 

Tutor.  Yes,  and  if  the  circuit  be 
interrupted,  the  proceis  will  not  go 
on.  But  if  all  things  be  as  I have 
juft  defcribed,  you  will  fee  a conftant 
ftream  of  bubbles  of  gas  proceed  from 
the  wire  b,  which  will  afcend  to 
the  upper  part  of  the  tube.  This  gas 
is  found  to  be  hydrogen  or  inflam- 
mable air. 

Charles.  IIow  is  that  afcertained? 

Tutor.  By  bringing  a candle  dole 
to  the  opening  when  I takg  out  the 
T 2 
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cork  a,  the  gas  will  immediately 
inflame.  The  bubbles  which  pro- 
ceed from  the  wire  a are  oxygen 
or  pure  air,  they  accumulate  and 
flick  about  the  Tides  of  the  tube. 

Jaynes.  How  is  this  experiment 
explained  ? 

Tutor.  It  is  believed  that  the 
water  is  decompofed  or  divided  into 
hydrogen  and  oxygen  : the  hydro- 
gen is  feparated  from  the  water  by 
the  wire  conne&ed  with  the  nes:a- 
tive  extremity,  while  the  oxygen 
unites  with  and  oxidates  the  wire 
connected  with  the  pofitive  end  of 
the  battery. 

If  I conne6t  the  pofitive  end  of 
the  battery  with  the  lower  wire,  and 
the  negative  with  the  upper,  then 
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the  hydrogen  proceeds  from  the  up- 
per wire,  and  the  lower  wire  is  oxi- 
dated. 

If  wires  of  gold  or  platina  be  ufed 
which  are  not  oxidable,  then  a ftream 
of  gas  iflues  from  each,  which  may 
be  collected,  and  will  be  found  to 
be  a mixture  of  hydrogen  and  oxy- 
gen. 

Charles.  x\re  there  no  means  of 
collecting  thefe  fluids  feparately? 

Tatar.  Yes,  inftead  of  making 
ufe  of  the  tube,  let  the  extremities 
of  the  wires,  which  proceed  from 
the  battery,  be  immerfed  in  water, 
at  the  diftance  of  an  inch  from  each 
other,  then  fufpend  over  each  a 
glafs  veffel,  inverted  and  full  of  wa- 
ter, (Plate  ii.  Fig.  24.;  and  the  dif- 
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ferent  kinds  of  gas  will  be  found  in 
the  two  glaffes. 

It  is  known  that  hydrogen  gas 
reduces  the  oxides  of  metals,  that 
is,  reftores  them  to  their  metallic 
ftate.  If,  therefore,  the  tube  (Fig. 
23.)  be  filled  with  a folution  of 
acetite  of  lead*  in  diftilled  water, 
and  a communication  is  made  with 
the  battery,  no  gas  is  perceived  to 
ilfue  from  the  wire,  which  proceeds 
from  the  negative  end  of  the  bat- 
tery, but  in  a few  minutes,  beautiful 
metalic  needles  may  be  feen  on  the 
extremity  of  this  wire. 

James.  Is  this  the  lead  feparated 
from  the  fluid  ? 

* Acetite  of  lead,  is  a folution  of  lead  iu 
acetous  acid. 
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Till  or.  It  is,  and  you  perceive 
it  is  in  a perfect  metallic  ltatc,  and 
very  brilliant.  Let  the  operation 
proceed,  and  thefe  needles  will  af- 
fume  the  form  of  fern,  or  lome  other 
vegetable  fubftance. 

The  fpark  from  a Galvanic  battery 
a£ts  with  wonderful  activity  upon  all 
inflammable  bodies,  and  experiments 
made  in  a dark  room,  upon  gun- 
powder, charcoal,  metallic  wire,  and 
metallic  leaves,  &c.  may  be  made 
very  annifing. 


CONVERSATION  IV. 


M Ifcellancous  Experiments. 

TUTOR.  The  difcoveries  of Gal- 
vani  were  made  principally  with  dead 
frogs ; from  his  experiments,  and 
many  others  that  have  been  made 
fmce  his  time,  it  appears  that  the 
nerves  of  animals  may  be  affected  by 
fmaller  quantities  of  electricity  than 
any  other  fubltances  with  which  we 
are  acquainted.  Hence  limbs  of  ani- 
mals, properly  prepared,  have  been 
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much  employed  for  afcertaining  the 
Galvanic  electricity. 

Charles.  What  is  the  method  of 
preparation  ? 

Tutor.  I have  been  cautious  in 
mentioning  experiments  on  animals, 
left  they  fhould  lead  you  to  trifle 
with  their  feelings ; I muft,  how- 
ever, to  render  the  fubject  more 
complete,  tell  you  what  has  beeti 
done. 

The  mufcles  of  a frog  lately  dead, 
and  fki nned,  may  be  brought  into 
action  by  means  of  very  frnall  quan- 
tities of  common  electricity. 

If  the  leg  of  a frog  recently  dead 
be  prepared , that  is,  feparated  from 
the  reft  of  the  body,  having  a frnall 
portion  of  the  fpine  attached  to  it, 
and  fofituated  that  a little  eleclricity 
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may  pafs  through  it,  the  leg  will  be 
inftantly  affeCted  with  a kind  of 
fpafmcdic  contra6tion,  fometimes  fo 
ftrong  as  to  jump  a confiderablc 
di  (lance. 

It  is  now  known  that  fimilar  ef- 
fects may  be  produced  in  the  limb 
thus  prepared,  by  only  making  a 
communication  between  the  nerves 
and  the  mufcles  by  a conducting 
iubftance.  Thus,  in  an  animal  re- 
cently dead,  if  a nerve  be  detached 
from  the  furrounding  parts  ; and  the 
coverings  be  removed  from  over  the 
mufcles  which  depend  on  that  nerve; 
and  if  a piece  of  metal,  as  a wire, 
touch  the  nerve  with  one  extremity, 
and  the  mufcle  with  the  other,  the 
limb  will  be  convulfed. 
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Charles.  Is  it  necelfary  that  the 
communication  between  the  nerve 
and  the  muffle  fliould  be  made  with 
a conducting  fubftance? 

Tutor.  Yes,  it  is  : for  if  fealing- 
wax,  glafs,  See.  be  ufed  inftead  of 
metals,  no  motion  will  be  produced. 

If  part  of  the  nerve  of  a prepared 
limb  be  wrapped  up  in  a flip  of  tin 
foil,  or  be  laid  on  a piece  of  zinc, 
and  a piece  of  filver  be  laid  with  one 
end  upon  the  mufcle,  and  with  the 
other  on  the  tin  or  zinc,  the  motion 
of  the  limb  will  be  very  violent. 

Here  are  two  wine-glalfes  alinoft 
full  of  water ; and  fo  near  to  each 
other  as  barely  not  to  toucli : I put 
the  prepared  limb  of  the  frog  into 
one  glafs,  and  lay  the  nerve,  which  is 
wrapped  up  in  tin  foil,  over  the  edges 
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of  the  two  glaffes,  fo  that  the  tin  may 
touch  the  water  of  the  glafs  in  which 
the  limb  is  not.  If  I now  form  a com- 
munication between  the  water  in  two 
glalfes,  by  means  of  iilver,  as  a 
pair'  of  tea  tongs  ; or  put  the  fingers 
of  one  hand  into  the  water  of  the 
o-lafs  that  contains  the  leg,  and  hold 
a piece  of  lilver  in  the  other,  fo  as 
to  touch  the  coating  of  the  nerves 
with  it,  the  limb  will  be  immediately 
excited,  and  fometimes  when  the 
experiment  is  well  made,  the  leg 
will  even  jump  out  of  the  glafs. 

James.  It  is  ver}r  iurprizing  that 
fuch  kind  of  motions  iliould  be  pro- 
duced in  dead  animals. 

Tutor.  They  may  be  excited  alfo 
in  living  ones : if  a live  frog  be 
placed  on  a plate  of  zinc,  having  a 
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flip  of  tin  foil  upon  its  back,  and  a 
communication  be  made  between  the 
zinc  and  tin  foil,  by  a piece  of  metal, 
as  filver,  the  fame  kind  of  contrac- 
tions will  take  place. 

Charles.  Can  this  experiment  be 
made  without  injury  to  the  animal? 

Tutor.  Ye s,  and  fo  may  the  fol- 
lowing: I take  a live  flounder  and 
dry  it  with  a cloth,  and  then  put  it 
in  a pewter  plate,  or  upon  a large 
piece  of  tin  foil,  and  place  a piece  of 
lil ver  on  its  back ; I now  make  a 
communication  between  the  metals 
with  any  conducting  fubftancc,  and 
you  fee  the  contractions,  and  the 
tides  uneafmefs.  The  iilh  may  now 
be  replaced  in  water. 

I place  this  leech  on  a crown 
piece,  and  then,  in  its  endeavour  to 
VOL.  vi.  u 
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move  away,  let  it  touch  a piece  of 
zinc  with  its  mouth,  and  you  will 
fee  it  inftantly  recoil,  as  if  in  great 
pain  :*the  fame  thing  may  be  done 
with  a worm. 

It  is  believed  that  all  animals, 
whether  fmall  or  great,  may  be  af- 
fected, in  fomefucli  manner,  by  Gal- 
van ifin,  though  in  different  degrees. 

The  limbs  of  people,  while  under- 
going the  operation  of  amputation, 
have  been  convulfed  by  the  applica- 
tion of  the  inftruments,  an  effeCt 
which  is  eafdy  explained  by  Gal- 
vanifm. 

By  the  knowledge  already  ob- 
tained in  this  fcience,  the  following 
faCts  are  readily  explained. 

Pure  mercury  retains  its  metallic 
fplendor  during  a long  time ; but  its 
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amalgam  with  any  other  metal  is 
foon  tarnifhed  or  oxidated. 

Ancient  inlet  iptions,  engraved  up- 
on pure  lead,  are  prefer ved  to  this 
day,  whereas  fome  medals  compofed 
of  lead  and  tin,  of  no  great  antiquity, 
are  very  much  corroded. 

Works  of  metal,  whofe  parts  are 
foddered  together  by  the  interpofition 
of  other  metals,  foon  oxidate  about 
the  parts  where  the  different  metals 
are  joined.  And  there  are  perfons 
who  profefs  to  find  outfeams  in  brafs 
and  copper  veffels  by  the  tongue, 
which  the  eye  cannot  difcover,  and 
they  can,  by  this  means,  dillinguifh 
the  bafe  mixtures  which  abound  in 
gold  and  filver  trinkets. 

When  the  copper  fheeting  of  fhips 
is  fattened  on  by  means  of  iron  nails, 
u 2 
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thofe  nails,  but  particularly  the  cop- 
per, are  very  quickly  corroded  about 
the  place  of  contact. 

A piece  of  zine  may  be  kept  in 
water  a long  time,  without  fcarcely 
Oxidating  at  all ; but  the  oxidation 
takes  place  very  foon  if  a piece  of  fil- 
ver  touch  the  zinc,  while  handing  in 
the  water. 

If  a cup  made  of  zinc  or  tin  be 
filled  with  water,  and  placed  upon 
a filver  waiter,  and  the  tip  of  the 
tongue  be  applied  to  the  water,  it 
is  found  to  be  infipid ; but  if  the 
waiter  be  held  in  the  hand,  which  is 
well  moiftened  with  water,  and  the 
tongue  applied  as  before,  an  acid 
lalle  will  be  perceived. 

Charles.  Is  that  owing  to  the  cii- 
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cuit  being  made  complete  by  the  wet 
hand? 

Tutor.  It  is;  another  experiment 
of  a fimilar  kind  is  the  following:  If 
a tin  bafon  be  filled  with  foap-fuds, 
lime-water,  or  a ftrong  ley,  and  then 
the  bafon  be  held  in  both  hands,  - 
moiftened  with  pure  water,  while 
the  tongue  is  applied  to  the  fluid  in 
the  bafon,  an  acid  tafte  will  be  fen- 
fibly  perceived,  though  the  liquor  is 
alkaline. 

From  this  fliort  account  of  Gal- 
vanifm  it  may  be  inferred  : — 

. (l.)  That  it  appears  to  be  only 
another  mode  of  exciting  electricity, 

(2.)  Galvanic  electricity  is  pro- 
duced bv  the  chemical  action  of  bo- 
%/ 

dies  upon  each  other, 
u 3 
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(3.)  The  oxidation  of  metals  ap- 
pears to  produce  it  in  great  quan- 
tities. 

(4.)  Galvanic  electricity  can  be 
made  to  fet  inflammable  fubftances 
on  fire,  to  oxidate  and  even  inflame 
metals. 

(5,)  The  nerves  of  animals  appear 
to  be  moft  eafily  affected  by  it  of  any 
known  fubftances. 

(6.)  Galvanic  electricity  is  con- 
ducted by  the  fame  fubftances  as 
common  electricity. 

(7.)  When  it  is  made  to  pals 
through  an  animal,  it  produces  a 
lenfation  refembling  the  eleCtrical 
fliock. 

(8.)  The  eleCtricity  produced  by 
the  torpedo  and  eleCtrical  eel  is  very 
fimilar  to  Galvanifm. 


INDEX  AND  GLOSSARY 


TO  THE 

SIX  VOLUMES. 


A. 

Absorb,  to  drink  in. 

Acceleration,  a body  moving  fatter  and  fatter. 

Action  and  re-action,  equal  and  contrary,  Vol,  I.  p.  119, 
Curious  inftance  of,  I.  120. 

Adbefmn,  a flicking  together. 

Air,  a fluid,  the  preflurc  of  which  is  very  great,  IV. 
1 — 3.  Its  preflure,  experiments  on,  IV.  29 — 45. 
Its  weight,  how  proved,  IV.  46.  Its  elafticity,  IV. 
56 — 63.  Its  comprefiion,  IV.  69 — 78.  Neceflary 
to  found,  IV.  92. 

Air-gun,  ftru&ure  of,  explained,  IV.  87 — 89. 
Air-pump  deferibed,  IV.  9.  Its  flrudture  explained, 
IV.  10 — 15.  Experiments  on,  IV.  17  and  79. 
Alkobol,  ardent  fpirit ; equal  parts  of  alkohol  and  water 
make  fpirits  of  wine- 
Alkaline,  a faline  tafte. 

Anamorpbofes,  dittorted  images  of  bodies. 

Ancients , their  mode  of  deferibing  the  conftellations, 
II.  14. 

Angle,  what  it  is,  I.  5.  How  explained,  ib.  Right ; 

obtufe;  acute,  6.  How  called,  7. 

Animals,  all  kinds  of,  affedled  by  Galvanifm,  VI.  218, 
Aperture,  a fmall  hole. 

Aphelion,  the  greateft  dittance  of  a planet  from  the  fun. 
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Apogee,  the  fun’s  or  moon’s  greatefl  diftance  from  the 
earth. 

Archimedes  prcpofed  to  move  the  earth,  I.  127.  Some 
account  of,  III.  147.  His  inventions,  III.  149. 
Arrow,  to  find  the  height  to  which  afeends,  I.  68—70. 
Atmojphere , the  effect  of,  V.  45,  46. 

AttraBion,  the  tendency  which  fome  parts  of  matter 
have  to  unite  with  others. 

AttraBion  capillary , what  meant  by,  I.  30.  Illuftrated, 
I.  31. 

AttraBion  and  Repulfion,  cleft rical,  VI.  9 and  43. 

■ ■ ■,  magnetic,  V.  234,  &c. 

Aurora  Borealis,  vulgarly  called  the  Northern  lights. 
Its  ufe  in  the  Northern  parts  of  the  globe,  II.  189. 
Imitated,  VI.  139.  A curious  one  deferibed,  VI, 
141. 


B. 


Balance,  hydroftatical,  deferibed,  III.  125. 

Balances,  faife,  how  detefted,  I.  142. 

Ball,  why  eafily  rolled,  I.  77.  Scioptric,  its  effect, 

V.  71. 

Barometer  explained,  IV.  50  and  201— 210.  Its  con- 
ftruftion,  IV.  190.  Its  ufe,  ib.  Standard  altitude 
of,  IV.  194.  Variation  of,  ib.  To  meafure  altitudes 
with,  IV.  201. 

Battery , dedtrical,  deferibed,  VI.  89.-  Experiments  on, 

VI.  92. 

Beccaria,  his  obfervation,  VI.  135. 

Bellows , hydroftatical,  III.  6 1 — 70. 

Birds,  how  they  fupporc  themfelves  in  the  air,  1:  102. 
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B’Jlxtile, , the  meaning  of  the  word,  II.  139. 

Bodies, ' heavenly,  why  move  in  a curved  path,  I.  114. 
Eiaftic  and  non-elaltic,  illuftrative  of  the  third  law 
of  motion.  Weight  of,  diminilhed  as  the  diftance 
from  the  center  of  the  earth  is  increafed,  I.  57. 
Falling,  the  law  of  their  velocity,  I.  71.  How  to 
infulate,  VI.  31.  Sonorous,  elaltic,  IV.  100.  Hea- 
venly, the  latitude  of,  II.  46. 

Body , moving  one,  what  compels  it  to  flop,  I.  9S. 
Bodies,  their  vis-inertice,  I.  106. 

Boyle,  Mr.  firft  faw  the  electrical  light,  VI.  6. 

Brides,  (St.)  church,  damaged  by  lightning,  VI.  127. 
Bucket , how  fufpended  on  the  edge  of  a table,  I.  87. 
Bujfcn,  M.  his  experiments,  V.  106. 

Bullets,  leaden,  how  made  to  cohere,  I.  22. 


C. 

Camera  cbfcura,  V.  218. 

Cannon,  the  found  of,  IV.  99. 

Capillary  attraEl'm,  fluids  attracted  above  their  level,  by 
tube3  as  fmall  as  a hair. 

Cardinal  points,  how  dlftinguifhed,  II.  14. 

Caval/o,  Mr.  hi$  eleCtrical  experiments,  VI.  125. 

Catoptrics,  the  fcience  of  reflected  light. 

Centre  of  gravity,  the  point  of  a body,  on  which,  when 
fufpended,  it  will  reft.  Between  the  earth  and  fun. 
II.  98.  How  applicable  to  the  common  actions  of 
life,  I.  84. 

Centrifugal  force,  is  the  tendency  which  a body  has  to 
fly  off  in  a ftraight  line. 

Centripetal  force,  is  the  tendency  which  a body  has  tQ 
another  about  which!  it  revolves. 
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Chatterton,  his  lines  on  the  folar  fyftem,  II.  57. 

Circles,  Galvanic,  what,  Vi.  201.  Firft  order,  ib. 

Second  order,  ib.  The  rnoft  powerful,  VI.  203. 
Clefjydra,  principle  of,  explained,  III.  86. 

Clocks  and  Dials , why  not  agree  in  the  meafure  of  time, 
II.  129 — 136. 

Cobefion,  attradion  of,  I.  18.  How  defined,  I.  20. 
Inftances,  I.  21.  Its  force,  I:  23.  How  overcome, 
ib.  Inftances  of,  I.  28. 

Coining,  apparatus  for,  referred  to,  I.  198, 

Colours , the  caufe  of,  V.  89. 

Comets , in  what  refpeds  they  refemble  planets,  II.  230. 

The  heat  of  one  calculated,  II.  232. 

Corr.fr ejfion,  the  ad  of  fqueezing  together. 

Condntfation , the  ad  of  bringing  the  parts  of  matter 
together. 

ConduBors , eledrical,  what  meant  by,  VI.  15.  Table 
of,  VI.  20.  Galvanic,  VI.  200.  Perfed  and  im- 
perfed,  ib.  201. 

Cone , double,  why  it  rolls  up  a plane,  I.  88. 

ContaB , touching. 

Converge , drawing  towards  a point. 

Cookery,  fome  operations  of,  how  accounted  for,  I.  24. 
Crane , the  principle  of  a,  I.  161.  One  invented  by 
Mr.  White,  I.  164.  Diftiller’s,  defcribed,  111.  19.5, 
Cuppw.g,  the  operation  of,  explained,  IV.  65—67. 
Cups,  hemifpherical,  experiments  on,  IV.  42. 

Cylinder , how  made  to  roll  up  a hill,  I.  86. 
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D. 

Dancers,  rope  or  wire,  how  they  balance  themfelves* 
I.  83. 

Day , agronomical,  when  begins,  II.  41.  The  differ- 
ence between  the  folar  and fid er cal,  II.  127. 

Day  and  Night,  how  explained,  II.  84. 

Days  and  Nights,  why  of  different  lengths,  II.  92.  To 
whom  always  equal,  II.  107. 

Deception,  optical,  If.  3.  In  feeling,  ib. 

Deceptions,  on  the  public  by  (hort  weights,  how  de- 
tected, I.  143.  Occafioned  by  fwilt  motions,  II. 
78 — 79.  Optical,  V.  39 — 43,  and  133,  &c. 

Delaval,  Mr.  his  experiments,  V.  97. 

Denjity,  compaCtnefs.  Conftitutes  fpecific  gravity,  III. 
116. 

Diagonal,  the  line  which  joins  the  oppofite  corners  of  a 
fquare  or  other  right  lined  figure. 

Digefier , ufed  for  making  foups. 

DireEiion,  line  of,  how  defined,  I.  74.  Muft  be  within 
the  bafe  of  a body  that  ftands  fecure,  I.  75. 

Difance,  meafured  by  found,  IV.  104. 

Diver's  Bell  deferibed.  III.  201 — 3.  How  ufed.  III. 
204 — 7.  Accidents  with,  III.  208 — 10  Smeaton’s 
improvements  on.  III.  210.  Walker’s  improve- 
ments on,  III.  212.  Anecdote  of,  III.  213. 

Diverge , to  fpread  out. 

Drowning,  the  danger  of  to  inexperienced  perform,  III. 
18 
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E. 


Earth , center  of,  why  bodies  bend  to  it,  I.  51;  Why 
not  apparently  moved,  I.  51 — 3.  Its  Ihape,  I.  59. 
Its  diurnal  motion,  II.  67,  70 — 82.  The  velocity 
of  its  motion,  II.  80.  When  its  mocion  is  quickeft, 
II.  135.  Its  annual  motion,  II.  82,  and  93 — 9.  Its 
rotation,  the  moft  uniform  motion  in  nature,  II. 
127.  A fatellite  to  the  moon,  II.  153.  No  argu- 
ments againft  its  motion,  becaufe  not  apparent,  II. 
74.  Its  magnitude,  II-  So— 1.  Its  globular  figure, 
II.  59.  How  proved,  II.  Co— 5.  Its  poles,  what, 
II.  66.  Its  axis,  II.  67. 

Echo,  the  nature  of  explained,  IV.  118.  161.  Curious 
ones  noticed,  IV.  130.  Applied  to  the  measuring  ok 
diftances,  IV.  131. 

Eclipfe,  an  occultation  of  the  fun  or  moon. 

Ec/ipfes,  the  caufe  of  explained,  II,  157 — 167.  An- 
nular, II.  164.  Total  of  the  fun,  very  rare,  11.  165. 
Account  of  one  feen  in  Portugal,  11.  165.  huppofed 
to  be  omens  of  calamity,  II.  167. 

Ecliptic , the  earth’s  annual  path  round  the  heavens. 
How  defcribtd,  II.  26.  Plow  to  trace  the,  II.  28 

— 3*’ 

Effluvia,  fine  particles  that  fly  off  from  various  bodies. 
Ergs,  .difcoloration  of  filvev  with  eating,  VI.  202. 
hjw  explained,  ib. 

Elajiicity , the  quality  in  fume  bodies,  by  which  they 
recover  their  former  politions  after  being  bent. 
What  meant  by,  I.  37. 

Eledric , what  meant  by,  VI.  5.'  Light,  by  whom 
firft  feen,  VI.  6. 

EUBricity,  hiflory  of,  VI.  1.  Attraction,  ele&rical, 
when  firft  noticed,  VI.  4.  Atmofpheric,  VI'.  134. 
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The  two  kinds,  VI.  45.  Medical,  VI.  151.  Ani- 
mal, VI.  161. 

Ele&rometer,  Lane’s,  VI.  8 1 . Quadrant,  the  ufe  of, 
VI.  86.  Another  kind,  VI.  119. 

Eclian  harp , ftrudturc  of  explained. 

-Ephemerhy  an  almanac.  White’s,  explained,  II.  33. 
Equator , how  deferibed,  II.  27  and  68. 

Equmcflial,  what  meant  by,  II.  68. 

“ Evenings  at  Home,"  referred  to,  a work  of  great  merit, 
L 3.  t 

Ey : the  part  of  which  compofed,  V.  140. 


F. 

Feathers , ele&rified,  their  appearance,  VI.  51. 

Eire  Engines  deferibed,  and  the  principle  of  them  ex- 
plained, III.  229. 

Fijh,  how  they  fwim,  IV.  4.  Air-velTel  of,  the  ufes, 
IV.  7.  Elearical,  VI.  60. 

Flannel , a conduaor  of  found,  IV.  96. 

Flea,  circulation  of  the  blood  of  a,  I.  19. 

Flood-gates , why  made  very  thick,  III.  83. 

Fluids  and folids , how  diftinguilhed,  III.  34 — 6.  Par- 
ticles of  exceedingly  fmall,  III.  7.  Incapable  of 
comprefiion,  III.  11,  12. 

Fluids  prefs  equally  in  all  direaions,  III.  21.  Incom- 
preffible,  III.  25.  Air,  comprefiion  of,  ib.  Weight 
and  prelfure  of,  experiments  on,  III.  28 — 32.  La- 
teral prefiure  of,  III.  40 — 7.  Difference  between 
the  weight  and  prefiure  of,  III.  81.  Motion  of, 
III.  82 — 105.  Experiments  on  the  light  and  heavy, 
III.  167 — 71.  Specific  gravity  of,  differ  according 
to  the  degrees  »f  heat  and  cold,  III.  175. 
vot.  vi,  x 
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Force,  centrifugal,  what  meant  by,  I.  106. 

Fountains , the  principle  of,  explained.  III.  98# 

Fountain,  artificial,  IV.  73. 

Franklin , Dr.  his  experiments,  VI.  122.  difcovers  that 
lightning  and  electricity  are  the  fame,  VI.  124. 
Friaicn,  rubbing.  Mult  be  allowed  for  in  mechanics, 
I.  171. 

Frogs,  experiments  on,  VI.  212 — 217. 

Fulcbrum,  the  prop  or  center  on  which  a lever  turns. 
What  meant  by,  I.  13a — j. 


- G. 

Galvani,  Dr.  his  difcoveries,  VI.  18 1— 2.  Experi- 
ments on  frogs,  ib.  and  212. 

Galvanic  batteries,  how  formed,  VI.  192—5.  Shock, 
VI.  193 — 6. 

Galvanijm,  what  it  is,  VI.  18 1.  From  what  it  derived 
its  name,  ib.  And  electricity  the  fame,  VI.  185s 
Made  apparent  to  the  fenfes,  VI.  187.  PofuiT* 
and  negative,  VI.  207.  Summary  of,  VI.  221. 

Garden  engines  deferibed,  III.  230. 

Gas,  a kind  of  air.  Hydrogen,  how  procured,  VI.  207.* 
How  collected,  ib. 

Gauge,  a meafure. 

Geocentric  place  of  a planet,  what  meant  by,  II.  2iSi 
longitude,  II.  213. 

Globe,  the  greater  part  of  its  furface  water,  IV.  146. 
A reprefentation  of  the  earth,  II.  65. 

Glue,  for  what  ufed,  I.  32. 

Gravity,  the  tendency  which  bodies  have  to  the  center 
of  the  earth.  Center  of,  what  meant  by,  I.  73. 
How  found,  I,  74.  Afts  upon  all  bodies,  I.  41-. 
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The  law  of,  I.  42  and  54.  Illufirated,  VI.  42 — 
45,  and  54—57. 

Crawf ati«n,  attraction  of,  defined,  I.  38.  Infiances  of, 
I.  38.  By  this  force  bodies  tend  to  the  center  of 
the  earth,  I.  40. 

Gregory,  Pope,  rectifies  the  Julian  year,  II.  141. 
Guinea,  fpecific  gravity  of,  III.  127. 

Gunpowder , how  fired,  VI.  197, 

Cymnotus,  deferibed,  VI.  164. 


H. 


Hammer,  philosophical,  IV.  21. 

Hampfiead,  the  fine  profpedt  from,  V.  1 56. 

Han  eft -mean,  explained,  II.  179 — 190.  Caufe  of,  II. 
1S1. 

Heat,  expands  all  bodies,  I,  25.  The  caufe  of  great, 
II.  108. 

Height  of  any  place,  how  found,  I.  64. 

Heliocentric  longitude,  II.  21 1. 

Herfchel,  the  planet,  when  difeovered,  II.  226.  Its  mag- 
nitude, diftance,  &c.  II.  227 — 229. 

Hiero's  crown,  cheat  reipedting,  how  detected,  III. 
15 1— 4. 

Hogshead,  how  burft.  III.  68. 

Hop-waggons , dangerous  to  meet  in  an  inclining  road, 
I.  81. 

Horizon,  the  boundary,  where  the  Sky  feems  to  touch 
the  furface  of  the  earth  or  fea.  Senfible  and  ra- 
tional, 11.  84;  To  which  we  refer  the  rifing  and 
fetting  ol  the  fun,  II.  85. 

Hydraulics,  hydi  jfiat.c  principles  applied  to  mills,  en- 
gines, pumps,  &c. 
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Hydrometer,  an  inftrument  to  meafure  the  Arength  of 
fpirits.  Defcribed,  III.  171—176.  To  what  ap- 
plied,  III.  177. 

Hydrojlatics , the  origin  of  the  term,  III.  2.  The  ob- 
jects of,  ib. 

Hydrojlatica! paradox , explained,  III.  48 — 60. 

Hfdrcjlatical  bellows , defcribed  and  explained,  III.  61 
* — 70.  Prefs,  III.  70  and  233 — 235.  Fluids,  pref- 
fure  of,  in  proportion  to  the  perpendicular  heights, 
III.  62. 

Hygrometer,  an  inflrument  by  which  the  moiflure  of 
’ the  air  is  meafured.  Its  «onftru£tion  and  ufe,  1Y. 
233.  Different  kinds  of,  IV.  235 — 241. 


I-  t 

Jack-a-Ianthorn,  VI.  143. 

Jtnmerje , to  plunge  in. 

Impel,  to  drive  on.  / ' 

Incidence , line  of,  IV.  123. 

Incompreffible,  not  capable  of  being  prefTed  into  a fmaller 
compafs. 

Inertia,  of  matter,  its  tendency  to  continue  in  the  Aate 
in  which  it  is. 

Ingcnbouz,  Dr.  referred  to,  I.  33.  His  character,  I. 

34. 

Interfikcs,  the  hollow  fpaces  between  the  particles  of 
matter. 

Iron,  oxide  of,  VI.  189. 

Jupiter,  the  planet,  its  magnitude  ; diAance  from  the 
fun ; the  velocity  of  its  motions,  II.  214.  The  length 
of  its  days  and  nights,  II.  216.  Satellites,  II.  217. 
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Julitt  Cafar,  the  part  he  took  in  reforming  the  year, 
II.  138. 


L. 

Lateral,  fidewife. 

Latitude,  of  the  planets,  their  diftance  from  the  eclip- 
tic. Parallels  of,  II.  105. 

Lead , eleven  times  heavier  than  water,  III.  46.  Oxide 
of,  VI.  187.  Acetite  of,  VI.  zio. 

Leaf,  gold,  filver.  Sec.  how  burnt,  VI.  197—198. 

Leaks , in  banks,  how  fecured,  III.  90. 

Leap-year,  what  meant  by,  II.  137.  Rule  for  know- 
ing, II.  140. 

Lenfes , different  kinds  deferibed,  V.  49. 

Lewis,  conftrudtion  of,  III.  17.  Ufe  of,  III.  17—20. 

Lever,  a bar,  crow,  &c.  For  what  ufed,  1.  132. 
Why  called  a mechanical  power,  I.  133.  Of  the 
firjl  kind,  what  inftruments  referred  to,  I.  145. 
How  to  eftimate  its  power,  I.  146.  Of  the  Jecond 
kind,  what  inftruments  referred  to,  I.  147.  Of  the 
third  kind,  what  inftruments  referred  to,  I.  150— 
152. 

Levers,  how  many  kinds,  I.  134.  Their  properties  il- 
luftrated,  I.  134 — 140. 

Light , its  great  velocity,  how  difeovered,  II.  218.  and 
V.  6.  Of  what  compofed,  V.  2.  Sun,  fubjedl  to 
apparent  diminution,  V.  4.  The  fource  of  light  to 
the  planetary  worlds,  ib.  Moves  in  ftraight  lines, 
V.  11,  12.  Ray  of,  what  meant  by,  V.  13.  Re- 
flected and  refradted,  V.  13 — 30.  Its  great  ad- 
vantages, V.  80.  A compounded  body,  V.  83.  Gal- 
vanic, how  perceived,  VI.  190 — 192. 
x 3 
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Lines,  right,  what  meant  by,  I.  5. 

London , how  fupplied  with  water.  Bridge,  water 
works  at,  III.  101  and  228. 

Long-days , the  reafon  of,  II.  105. 


M. 

Machine , electrical,  VI.  ax.  The  moil  powerful,  VI. 
33- 

Magnet , deferibed,  V.  226.  Its  ufes,  V.  227.  Di- 
rective property,  V.  ib.  Artificial,  V.  229.  Pro- 
perties of,  V.  231. 

Magnets,  how  to  make,  V.  246. 

Magnetic  attraction  and  repulfion,  V.  235. 

Marbles,  reafon  why  they  roll  to  greater  or  lefs  dif- 
tances,  I.  93. 

Mariner's  cotnpajs , deferibed,  V.  242.  Variation  of, 
V.  252. 

Mars,  the  planet,  its  diftancc  from  the  fun ; its  velo- 
city} its  magnitude,  &c.  II.  207 — 212. 

Matter,  every  fubftance  with  which  we  are  acquainted. 
How  defined,  I.  10.  Definition  illuftrated,  I.  u. 
Capable  of  infinite  divifion,  I.  12.  Remarkable  in« 
fiances  of  the  minute  divifion  of,  I.  1$ — 17. 

Mechanical  penvers,  how  many,  and  what  they  are,  I. 
126. 

Mechanics,  importance  of,  I.  128.  Power  gained  by 
them,  ib. 

Mercury,  the  planet,  its  fituation,  II.  191. — and 
Venus,  why  called  inferior  planets,  II.  191.  Rarely 
feen,  II.  193.)  Its  diftancc  from  the  fun}  its  velo- 
city ; its  fize,  &c.  II.  194 — 197. 

Metals,  fome  more  fonorous  than  others,  IV.  xco. 
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Microfco pe,  its  principle  explained,  V.  198.  Single, 
V.  200.  How  made,  V.  204.  Compound,  V.  206. 
Solar,  V.  2x1. 

Mirrors,  the  different  kinds,  V.  99. 

Momentum,  the  moving  force  of  a body.  What  meant 
by,  1.  46.  Illuftrated,  I.  47 — 50,  and  121. 

Money,  counterfeit,  wrong  to  pafs  it.  III.  160. 
Month,  what  meant  by,  II.  145.  Difference  between 
the  periodical  and  fynodical,  II.  146. 

Moon,  to  what  laws  fubjedt,  I.  59.  Its  declination, 
II.  41.  Its  fouthing,  ib.  Its  diftance  from  the  earth, 
II.  86.  Probably  inhabited,  II.  154.  Eclipfes  of, 
II.  158. 

— and  earth,  motions  of,  explained,  II.  147 — 148. 
Shines  with  borrowed  light,  II.  148.  The  length 
of  her  diameter,  II.  149.  Phafes  of,  explained,  II. 
150.  Her  rotation  defcribed,  II.  152.  Length  of  her 
day,  ib.  Length  of  her  year,  II.  153. 

Motion,  center  of,  what  it  is,  I.  124.  Laws  of,  I.  89. 
Muff  be  committed  to  memory,  I.  103,  104.  the 
fir  ft  illuftrated,  I.  90—98.  the  fecond  illuftrated, 
1.  98.  the  third  illuftrated,  I.  99 — 102. 

Motions,  circular,  exift  in  nature,  I.  105. 
Mufcbenbrocck,  M.  deferibes  the  ele&ric  fhock,  VI.  71. 
Mafic.  I infiruments  depend  on  the  air  for  adiion,  IV. 
*3  5* 


N. 


Nadir,  the  point  under  our  feet. 

Nautical -Almanac,  its  ufe,  II.  31. 

Needle,  of  the  manner’s  ccmpais.  Dipping,  V.  444. 
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Nerves  and  tnufcles , how  condudlors  of  the  Galvanic 
fluid,  V.  183. 

New  Style , when  adopted,  II.  142. 

Newton , Sir  Ifaac,  his  experiments  in  elettricity,  VI.  6. 
Ninkler , M.  his  defcription  of  the  eledtrical  fliock,  VI. 
71. 


O. 

ObjeEls , by  what  means  vlfible,  V.  31.  The  image  of, 
how  painted  on  the  eye,  V.  154, 

Oblate,  of  the  fhape  of  an  orange. 

Opaque,  dark. 

Orbit , the  path  ®f  a planet  round  the  fun,  or  of  a moon 
round  its  primary. 

Oxidation , what  meant  by  the  term,  VI.  187 — 189. 
Oxide , the  calx  of  a metal.  What  meant  by  the  term, 
VI.  189. 


P. 

\ 

Paley , Dr.  his  natural  theology  referred  to,  V.  156.* 

Papin's  digefter  defcribed,  I.  27,  and  IV.  185.  It* 
ufes,  ib.  One  burft,  IV.  188. 

Parker , Mr.  his  iarge  burning  glafs,  V.  54. 

Percujfion,  a ftroke.  What  meant  by,  I.  116,  117. 

Phenomenon , an  appearance  in  nature. 

Phial,  Leyden,  where  difcovered,  VI.  69. 

Pbilcpphy,  what  it  is,  I.  2.  Natural  and  experimental, 
the  introdudlion  to,  not  difficult,  I.  3.  Natural, 
the  ufes  to  which  it  is  applied,  I.  97. 

P hilojophical  'Tranjattms  referred  to,  VI.  137. 
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Pifa,  tower  of,  leans  out  of  the  perpendicu’ar,  I.  79. 
Platte,  inclined,  explained,  I.  174.  Examples  refpedt- 
ing  the,  I.  177 — 181.  What  inftruments  referable 

to,  I.  1 8 1. 

Planets,  their  number  and  names,  II.  53;  Characters 
of,  II.  38.  Latitude  of,  II.  45.  The  order  of  their 
motions,  II.  53.  How  to  find  their  diflances,  II. 
2.04 — 206. 

Pneumatics,  what,  treated  of  under,  IV.  1. 

Points  cardinal,  V.  444. 

Pole-Jlar,  its  ufe,  II.  15. 

Poles,  apparently  ftationary,  II.  90.  At  the,  only  one 
day  and  one  night  in  the  year,  II.  121. 

Prefs,  hydroflatical,  III.  70. 

Priepley,  Dr.  his  hiflory  of  eledlricity  referred  to, 

VI.' 8. 

Price,  Dr.  referred  to,  I.  61. 

Prifm,  the  effedt  of,  V.  169. 

Puddling,  what  meant  by  the  term,  III.  90—91. 
Pulley,  how  explained,  I.  166.  The  /ingle  gives  no 
advantage,  I.  167.  The  moveable,  I.  169. 

Pump,  principle  of,  III.  215 — 224. 

Pump-forcing  defcribed,  III.  225. 

Pyrometer,  its  confirudtjon  and  ufe,  IV.  230. 


R. 


Radiaxt-points,  from  whence  rays  of  light  flow  in  ail 
directions. 

Rainbc-w,  the  caufe  explained,  V.  167.  Artificial,  V. 

176.  Curious  ones  defcribed,  V.  177. 

Rain-gauge,  its  conftrudtion,  IV.  243.  How  it  is 
ufed,  IV.  244. 

Rain,  an  eledtrical  phenomenon,  VI.  148. 
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Ray , pencil  of,  what  meant  by,  V.  47.  Parallel  de- 
finition of,  ib. 

Refle&iw,  rebounding  back.  Its  power  in  apparently 
multiplying  objefts,  II.  7.  Line  of,  explained,  IV. 
121. 

Refraflion,  inclining  or  bending  out  of  its  courfe.  It* 
power  in  apparently  multiplying  objedls,  II.  10. 

Ripulfion , driving  away.  What  meant  by,  I.  34.  In- 
ftances  of,  I.  35 — 37. 

Rrfiduun. eleflrical , what  meant  by,  VI.  80. 

Retrograde  motion , by  which  the  heavenly  bodies  appear 
to  go  backwards. 

Reverberate , to  beat  back* 

River,  New,  how  it  fuppltes  London  with  water.  III. 
xoo.  Refervoirs  belonging  to,  III.  101 — 10*. 

Rivers,  banks  of,  mu  ft  be  very  thick.  III.  8<j» 

R.t>und~abouts,  the  principle  of,  I.  125. 


S; 


Saliva,  decompofed  by  Galvanifm,  VI.  186. 

Salt,  whatever  has  a (harp  tafte,  and  is  foluble  In 

water. 

Salt  water,  heavier  than  frefti,  confequence  of,  to  a 

loaded  veflel,  III.  179. 

Satellites,  moons. 

Saturn,  the  planet,  how  known,  II.  220.  Its  magni- 
tude, diftance  from  the  fun;  velocity  of  its  motions, 
II.  221.  its  fatellites  and  rings,  II.  222 — 224.  The 
length  of  its  day  and  night,  II.  225. 

Screw,  an  inclined  plane  wrapt  round  a cylinder.  Its 
principle  explained,  I.  188.  Of  what  compofed,  I. 
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189.  Examples  of,  I.  190.  Ufed  by  paper-makers, 
I.  196.  Its  power  eftimated,  I.  197. 

Stafon , the  hotted,  II.  114. 

Seajons,  variety  of,  on  what  depends,  II.  100  and 
107.  Different,  how  accounted  for,  II.  93,  and 
100— 123.  How  produced,  II.  114. 

Ship,  damaged  by  lightning,  VI.  138. 

Silurus  eleftricus  defcribed,  VI.  167. 

Silver^  experiment  with,  VI.  183., 

Slaves , how  they  get  at  their  mailer's  rum,  III.  169. 
Smoke,  the  reafon  of  its  afeent,  IV.  82. 

Smoke-yackt  its  principle,  IV.  143. 

Solar  jyfiem,  defcribed,  II.  48 — 58. 

Solder , for  what  ufed,  I.  32. 

Sound , conductors  of,  IV.  94 — 96.  How  far  may  be 
heard,  IV.  102.  How  fall  it  travels,  IV.  105.  Ve- 
locity of,  applied  to  practical  purpofes,  IV.  107— 
no. 

Sparky  eleCtrical,  its  nature,  VI.  103.  Galvanic,  its 
power,  VI.  2 ix. 

Specific  gravity,  what  meant  by,  III.  33.  Of  bodies 
explained  and  illuftrated,  III.  106 — 165.  Howto 
find,  III.  no. 

Speflacles,  their  conflruCtion,  ufes,  and  different  kinds, 

V.  159—162. 

Spirit,  rectified,  what  meant  by,  III.  175. 

Springs,  intermitting,  explained.  III.  197. 

St.  Paul's , whifpering  gallery  of,  principle  explained. 

IV.  132. 

Stars,  how  to  find  the  names  of,  II.  18 — 24.  Why 
marked  on  the  globe  with  Greek  characters,  II.  24. 
Fixed,  their  apparent  motion,  II.  89.  Why  not 
feen  in  the  day,  II.  92.  Fixed,  their  number,  II. 
x— 4.  May  be  diflinguifhed,  II.  12.  Fixed,  their 
immenfe  diftance,  II,  129.  Fixed,  defeription  of, 
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II.  240—246.  Their  ufes,  II.  247.  Falling,  what 
they  are,  VI.  135. 

Steam-engine , its  ufe,  IV.  156.  When  invented,  IV. 
158.  Its  ftrutture,  IV.  163.  The  application,  IV. 
177,  178.  That  cf  Meftrs.  Whitbread's  defcribed, 
IV.  180.  Its  power  calculated,  IV.  1S1.  Accidents 
occafioned  by,  IV.  183. 

Steel-yard , a fort  of  lever,  I.  138.  Its  advantages  over 
a pair  of  feales,  I.  141. 

Storms,  by  what  occafioned,  IV.  152. 

SuBiort,  no  fuch  principle  in  nature,  IV.  32 — 39. 

Sulphuret,  alkaline,  what,  VI.  204. 

Summers,  two  in  a year,  in  fome  places,  II.  119. 

Sun  and  clocks , fe’.dom  together,  11.  44. 

Sun,  declination  o!,  II.  40.  Longitude  of,  II.  46.  Mas  not 
latitude,  II.  46.  Its  magnitude,  II.  50.  Why  it  ap- 
pears fo  fmall,  ib.  Its  diftar.ee  from  the  earth,  II.  51. 
Annual  motion  of,  how  obferved,  II.  95.  Reafons 
for,  II.  96.  Nearer  to  the  earth,  in  winter,  than 
in  fummer,  II.  uj.  A defeription  of,  II.  237— 
239* 

Swimming,  theory  of,  III.  180.  How  to  be  attained, 

III.  18 1.  Lefs  natural  to  man  than  to  other  land 
animals,  III.  182. 

Syphon,  the  ftruclure  cf,  explained,  III.  187.  Its  prin- 
ciple, III.  189. 

Syringe,  its  ftrnfture  explained,  IV.  25.  Condenfing 
one  defcribed,  IV.  75. 


T. 

Tables,  Galvanic,  VI.  205 — 206. 

Tangent , a ftraight  line  touching  the  circumfcrenc*  of 
a circle  in  one  point. 

Tangible,  capable  cf  being  felt  or  handled. 
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Tantalus's  cup,  III.  T92. 

Tajlc,  a difagreeable  one,  excited  by  the  union  of 
metals  placed  on  and  under  the  tongue,  VI.  185. 
How  accounted  for,  VI.  187. 

Telefcope , rel rafting,  explained,  V.  178.  Night,  V, 
189.  Reflecting,  explained,  V.  191.  Dr.  Her- 
fchel’s,  V.  197. 

Terms,  technical,  derived  from  the  Greek  language, 
III.  1. 

Thermometer,  its  conftru&ion  and  ufes,  IV.  211 — 219*’ 
Its  fcale,  IV.  218.  Wedgevvood’s,  IV.  223.  Reau- 
mur’s fcale  compared  with  Fahrenheit’s,  IV.  228. 
Heat,  fcale  of,  IV.  226. 

Thunder , how  produced,  IV.  98. 

Tides,  the  caufes  of,  explained,  II.  168 — 178.  Tw® 
every  25  hours,  II.  178.  Different  in  different; 
places,  II.  175.  When  the  higheft  happen,  II.  178. 

Time,  equal  and  apparent,  how  diftinguifhed,  II.  124 
— 126.  On  what  the  difference  depends,  II.  126. 
Equation  of,  II.  43,  and  124 — 136.  Divifion  of, 
II.  144. 

Time  and  J pace , clear  ideas  of,  neceffary  to  be  formed, 
I.  126. 

Torpedo  At feribed,  VI.  i6r. 

Torricellian  experiment,  IV.  22. 

Transferrer,  an  inftrument  ufed  in  pneumatics. 

Tranfit  of  Venus,  her  paffages  over  the  fun’s  face. 

Trembling-eel  noticed,  VI.  j6S. 

Triangle,  what  meant  by,  I.  9.  Any  two  fides  of, 
greater  than  the  third,  I.  113. 

Tropics , circles  parallel  to  the  equator. 

Trumpet,  fpeaking,  deferibed,  IV.  m— 117.  When 
firft  ufed,  IV.  114. 

Trumpets,  for  deaf  perfons,  IV.  116. 

Tube,  a pipe. 

Twilight,  the  degree  of  light  experienced  between  fun 
fetting  or  rifing  and  dark  night. 

VOL.  vi,  y 
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U. and  V. 

Undulation,  fwinging  or  vibrating. 

Vacuum,  a place  void  of  air. 

Valve , a fort  of  trap  door. 

Valves,  what  meant  by,  III.  216. 

Veg, tables,  how  blanched,  V.  93. 

Velocity,  a term  applied  to  motion.  Accelerating,  what 
meant  by,  I.  62. 

Venus,  the  planet,  its  diftance  from  the  fun;  the  ve- 
locity of  its  motion;  its  magnitude,  II.  198 — 202. 
Why  an  evening  and  why  a morning  Aar,  II.  202. 
Tranfit  of,  what  meant  by,  II.  203. 

Vernier,  its  conftru&ion  and  ufe,  IV.  195, 

Vertex,  the  top  of  any  thing. 

Vibration,  the  fwinging  motion  of  a pendulum, 

Vijlon,  the  manner  of,  V.  148. 

Volatile , any  light  fubftance  that  eafily  evaporates. 


W. 

Wall,  leaning  one,  at  Eridgnorth,  I.  79. 

Water,  pure  rain,  the  ftandard  to  compare  other  bodies 
with,  III.  112.  Weighs  the  fame  every  where,  ill. 
1 1 3.  Always  deeper  than  it  appears  to  be,  III.  184, 
and  V.  37.  How  raifed  from  deep  wells,  III.  230 
— 233.  Formed  of  two  gaffes,  VI.  186.  Decom- 
pofed,  VI.  208. 

Water % [fours,  their  caufe,  VI.  144.  How  difperfed. 
VI-  145- 

Weatber,  rules  for  judging  of,  IV.  248—252. 

V edge,  a triangular  piece  of  wood  or  metal,  to  cleave 
Aone,  See,  Its  principle  explained,  I.  182.  lu 

1 
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advantages  in  cleaving  wood,  I.  183.  What  in- 
ftruments  referred  to,  I.  185. 

Well,  how  to  find  the  depth  of  one,  I.  65. 

Wheel  and  axis  defcribed,  I.  157.  For  what  purpofes 
ufed,  ib.  Its  power  eftimated,  I.  159.  How  in- 
creafed,  I.  160.  Explained  on  the  principle  of  the 
lever,  I.  165. 

White , Mr.  James,  his  invention  of  a crane,  I.  164. 
His  patent  pulley,  I.  172. 

Wind,  what  it  is,  IV.  J40.  The  caufe  of,  IV.  141. 
Experiment  on,  IV.  142  and  149.  Definition  of, 
IV.  144.  Its  direftion  denominated,  ib.  The 
caufe  of  its  variablenefs  in  England,  IV.  150.  How 
to  find  its  velocity,  IV.  152.  Table  of,  IV.  155. 

Winds,  how  many  kinds,  and  why  fo  named,  IV.  144. 

Winter , why  colder  than  the  fummer,  II.  112. 


Y. 


Tear,  its  length,  how  meafured,  II.  138.  Gregorian, 
what  meant  by,  II.  141.  The  beginning  of,  changed 
from  the  25th  of 'March  to  the  iff  of  January,  II. 
143. 


Z. 

Zenith,  that  point  of  the  heavens  over  one’s  head. 
Zinc,  experiment  with,  VI.  183. 

Zodiac,  a belt  in  the  heavens  fixteen  degrees  broad, 
through  which  the  ecliptic  runs.  Signs  of,  II.  35, 
Dr.  Watts’s  lines  on,  II.  38. 


I INIS. 

Printed  by  Bye  and  Law,  St.  John’s  Squire. 
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The firjl four  Volumes  of  the  SCIENTIFIC  D I A, 
logues  confifl  as  follow: 

Vol.  I.  Of  Mechanics. 

Containing  familiar  Demonftrations  of  the  different 
Kinds  of  Gravitation ; of  the  Laws  of  Motion ; of  the 
Centers  of  Gravity ; and  full  Defcnptions  of  all  the 
Mechanical  Powers. 

Vol.  II.  Of  Astronomy. 

Including  familiar  Defcriptions  of  the  fixed  Stars, 
and  the  oOiarSyftem;  Explanations  of  the  Figure  and 
Motion  of  the  Earth,  Moon,  and  other  Planetary  Bo- 
dies ; of  the  Caufes  of  Day  and  Night,;  of  the  different 
Seafuns;  of  Eclipfes,  Tides,  Equation  of  Time,  Leap- 
Year,  &c. 

Vol.  III.  Of  Hydrostatics. 

In  this  are  demonftrated  the  Weight,  Preffure,  and 
Motion  of  Fluids  ; the  Methods  of  finding  the  fpecific 
Gravity  of  all  Bodies ; familiar  and  accurate  Defcrip- 
tions of  the  Hydrometer,  Divers-Bell,  Pumps  of  fe- 
veral  Kinds,  Fire  Engines,  and\^pter-Prefs. 

Vol.  IV.  Of  Pneumatics. 

In  this  Volume,  the  Weight,  Preffure,  and  Elafticity 
of  the  Air  are  demonftrated  and  illuftrated  by  numerous 
Experiments;  the  Nature  and  Velocity  of  Sound  ; the 
various  Sorts  of  Echos,  and  the  Winds,  are  explained. 
— The  Nature  and  Ufesof  the  Steam  Engine  ; Papin’s 
Digefter;  Barometer;  Thermometer;  Pyrometer;  Hy- 
grometer Rain-Gauge,  &c.  are  explained  by  Methods 
ptrle&ly  adapted  to  very  young  Ptrfons. 

Sixteen  beau  tifu  1 Copper  plate  Engravings  by  Lowry, 
accompany  tbefe  Volumes. 
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